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Outline of Proposed Constitutional Structure 
of the Society 





By ROBERT E. DOHERTY 
President, Carnegie Institute of Technology 


Earlier articles in this series have 
outlined the background of the pro- 
posals to revise the constitution, and 
the organization problems of the Di- 
vision of Administrative Officers of 


Engineering Colleges and of the En- 
gineering College Research Associa- 
tion. This installment indicates the 
proposed constitutional structure. 


The structure is shown in the fol- 
lowing chart, which represents the 
basic framework approved by the S.P. 
E.E. Council at its Dec. 8, 1945 meet- 
ing in Pittsburgh, after joint review 
by the Drafting Committee and the 
Executive Committee of E.C.R.A. in 
Pittsburgh on February 4, 1945, and 
further review by the Drafting Com- 
mittee on June 1, 1945. 
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The Research Corporation was 
founded through the efforts of Dr. F. 
G. Cottrell in 1912, subsequent to his 
offering the Cottrell precipitator pat- 
ents to the Smithsonian Institution. 

The offer to the Institution involved 
the stipulation that these patent rights 
should be given an adequate business 
administration and the proceeds should 
be devoted to furthering scientific re- 
search. The first stipulation was be- 
yond the legal activity of the Smith- 
sonian Institution, and thus it was not 
possible for them to accept the Cottrell 
offer. Dr. Cottrell then proceeded to 
organize the Research Corporation for 
the purpose of introducing inventions 
into commercial use and to develop 
and administer them. 

Historically, the problem of promot- 
ing the Cottrell patents extended back 
to 1905 when a volunteer group of 
scientists at the University of Cali- 
fornia met to formulate a procedure 
for successfully developing the inven- 
tions ‘relating to electrical precipita- 
tion, Many subsequent conferences 
were held by this group in an attempt 
to commercialize the Cottrell patents. 
It was during this seven-year period 
of searching for a method of develop- 
ing institutional scientific research that 


* Paper prepared for the JouRNAL oF En- 
GINEERING Epucation by W. R. Woolrich, 
President of the Engineering College Re- 
search Association, and Dean of the College 
of Engineering of The University of Texas. 
January, 1946. 


The Research Corporation and Its Service to 
Engineering and Scientific Research* 
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they reached the decision to make thy 


proposal to the Smithsonian Instit 
tion. 

This experience of Dr. Cottrell a 
the faculty of the University of 
fornia is quite typical of what happe 


in many of our universities and eng 
neering colleges when an attempti 
made to develop a worthwhile scientify 


invention through to the commer 
stage. Too often banking interests lon 
upon such developments as being ¢ 
tirely academic and impractical 

cause they come out of an educatic 


institution, and thus very little fina 


cial support is received from those W 
are in a position to commercialize f 
projects. 

Under the stipulations of the 
search Corporation charter, the 
earnings were to be contributed tof 
Smithsonian Institution or other & 
entific societies and organizations 
might be selected by the Board of 
rectors to conduct scientific and eng 
neering investigations, research, 
experiments. Briefly, therefore, 
corporation was organized to hold 
promote patents and to encourage 
stimulate further research. That f 
purposes have been adhered to is€ 
dent from a recent listing by the 
search Corporation of its major 
tions : 


“(1) Design, manufacture and? 
stallation of electrical preg 
tation and other equipmd 
arising from patents owned 
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administered by Research Cor- 
poration. 

Management, in the public in- 
terest, of patentable inventions 
of many classifications which 
arise in educational and re- 
search institutions or which 
are otherwise given to, or pur- 
chased by, the Corporation. 
Grants-in-aid of research in 
institutions.” f 


“(2) 


“(3) 


In an analysis made of the member 
groups of the Engineering College Re- 
search Association, the representatives 
from the several member institutions 
indicated that a considerable number 
utilize the services of the Research Cor- 
poration, especially in the management 
of their patentable inventions. 

When the Research Corporation per- 
forms the function of administering 
the patents for an institution, it re- 
serves the right to exercise selective 
judgment in acceptance of any particu- 
lar invention. Its experience indicates 
that profitable management is possible 
only in the case of “carefully selected 
inventions.” + While very useful as- 
sistance would be given to inventors 
by accepting all offerings, the Board 
of Directors has indicated that this 
would defeat the prime purpose of the 
Research Corporation and probably 
jeopardize its considerable endeavor. 
The Corporation maintains an expert 
staff of legal and technically trained 
persons who can administer diversified 
patents, seek out suitable licensees, ne- 
gotiate proper license agreements, and 
exercise supervisory control over the 
quality of the product marketed to the 
public. 

For the most part, the Research Cor- 
poration grants no exclusive licenses, 





TResearch Corporation. “A Review for 
the Period 1912-1945.” New York, 1945. 


THE RESEARCH CORPORATION 
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but does have freedom of discretion in 
giving special consideration to licen- 
sees who are in a position to give an 
invention a worthwhile _ birthright. 
The Research Corporation has main- 
tained a very flexible attitude in deal- 
ing with such situations. Since inven- 
tions do lead to a wide variety of rela- 
tionships, it is quite necessary that a 
position of high adaptability be main- 
tained by the Corporation in order to 
meet the requirements of any existing 
conditions, whether social or commer- 
cial. 

While many of the universities of 
the United States have successfully 
maintained their own research groups, 
patent committees, or research founda- 
tions, there are many institutions that 
do not have a sufficient number of 
meritorious inventions to be in a posi- 
tion to afford the type of staff neces- 
sary to successfully commercialize in- 
ventive creations. Again, many of 
the state-supported institutions have 
very definite limitations in their chart- 
ers which do not permit their making 
suitable contracts for the commercial 
development of patents and inventions. 
The Research Corporation is rendering 
a very useful service to such institu- 
tions and makes it possible for the re- 
search investigators in such institutions 
to proceed in their field of scientific re- 
search without spending many hours 
on patent management, which often is 
far removed from their field of activity 
and ability. 

Probably the service of the Research 
Corporation which has been least util- 
ized by the engineering experiment 
stations, bureaus, and divisions is the 
supplying of grants for worthwhile 
research projects. 

The Research Corporation does make 
grants to research institutions that are 
well recognized. While grants are not 
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made to individuals, in considering the 
application of an institution for a grant, 
the qualifications of the research worker 
and the adequacy of his facilities, as 
well as the scientific merit of the pro- 


posed research, are given primary con- 


sideration. 

The Research Corporation has no 
rigid policy with regard to its grants. 
For the most part, the grants have been 
made in the field of the physical sci- 
ences and in engineering, but they have 
often included the biological sciences. 
The record shows that by October 31, 
1944, research grants had been made 
to the total of $1,279,637. 

The Research Corporation is now 
very much concerned with the restora- 
tion of research in the colleges of en- 
gineering and especially in the smaller 
colleges and universities. Quoting a 
recent statement of its Board, 


“In many instances able research men 
have been drawn into war activities either 
in the military services or in war research 
groups under Government auspices. It is 


THE RESEARCH CORPORATION 


of utmost importance to the future of 
scientific education in America that provi. 
sion be made for the return of a maxi. 
mum number of these men to the instity. 
tions of their former attachments o 
similar ones. In some instances the funds 
of educational institutions are likely to be 
insufficient for the full discharge of the 
responsibilities thrust on them by the his. 
toric events of recent years. In such 
cases research is peculiarly liable to suf 
fer. Research Corporation is accordingly 
formulating a policy of grants to instity 
tions in aid of research specifically de 
signed to meet this situation.” + 


The Society for the Promotion 
Engineering Education and the Enge 
neering College Research Association 
are both vitally interested in this policy 
of the Research Corporation and urge 
that more of their member institutions 
contact the Research Corporation of 
New York concerning worthwhile pro 
posals of engineering and scientific re 
search that would be of mutual benefit 
to the institution, to the Research Cor 
poration, and to society at large. 
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of the By HOLBROOK WORKING * 
the his. Food Research Institute, Stanford University 


n such 
to sut- 
rdingly§ One of the fields in which scientific 
institt§ developments of late pre-war years 
lly def were applied widely and profitably dur- 
ing the war was the industrial applica- 
tion of analytical statistics. This war- 
Engi- § time extension of the application of sci- 
ciation § ence was unlike many others in that it 
policy § rested primarily not on the invention 
d urge§of new devices, but on education in 
utions § concepts and techniques. It will have 
ion off continuing educational significance be- 
le pro-§ cause analytical statistics are as useful 
fic re § for industry in time of peace as in time 
benefit §of war. The need has been shown 
h Cor § for continuing the education of men in 
industry in analytical statistics, and for 
revision of curricula of engineering 
schools so that engineering graduates 
of the future shall have knowledge of 
this subject now evident as funda- 
mental to their professional work. 











ion of 


THe War PROBLEM 


The major war-time extension in 
use of analytical statistics in industry 
ocurred in its application to manu- 
facturing, inspection and engineering 
problems. Prior to the war statistical 





*Dr. Working, Economist and Professor 
of Prices and Statistics at Stanford Uni- 
versity, joined the staff of the Office of Pro- 
duction Research and Development, War 
Production Board, in April 1943, to assist 
with a program of developing use of statisti- 
cal quality control in war industries, and was 
in charge of that program from September 
1943 through July 1945. 
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analysis had found a substantial place 
in industrial research, and descriptive 
and analytical statistics were widely 
used in office problems of both manu- 
facturing and commercial establish- 
ments; but statistical methods were 
virtually unknown in manufacturing 
operations or in most of the activities 
of engineering departments. Statisti- 
cal tools had been developed, however, 
which were widely applicable in such 
uses, and much experience had been 
acquired by a few concerns in the use 
of these tools. The principles and 
methods involved had grown into a 
fairly clear-cut body of knowledge un- 
der the generally accepted name of 
Statistical Quality Control, which was 
derived from the title of a book pub- 
lished in 1931 by Dr. Walter A. Shew- 
hart of the Bell Telephone Laborato- 
ries, a pioneer in the development of 
some of the more important statistical 
methods and in their industrial appli- 
cation. 

Extension of the use of principles 
of mathematical statistics in industry 
hinged in part on the invention of cer- 
tain devices—primarily sampling tables 
and the statistical control chart—but, 
as I have remarked, it depended more 
particularly on education. Reasonably 


complete exploitation of the advantages - 


of statistical quality control in a manu- 
facturing establishment commonly re- 
quires at least an acquaintance with 
certain concepts and principles of 





] 
/ 
| 
| 
| 


a ee nO 








408 


mathematical statistics and of their pos- 
sible applications in industry on the 
part of people in a wide range of 
positions in most departments of the 
organization. Something could be 
done toward assisting war industries to 
economize man-power and materials 
and to improve product quality by sta- 
tistical means merely through technical 
.training of a few specialists in each 
establishment, but attainment of the 
major advantages available required an 
educational program that could reach 
industrial personnel in a wide range 
of positions of responsibility. It re- 
quired also facilities for providing tech- 
nical guidance and competent assist- 
ance on occasional difficult problems 
to men in industry who had to be en- 
couraged to use statistical analysis on 
the basis of a rather slender training. 
These needs have not ended with the 
war. 

The principles and methods of ana- 
lytical statistics which go under the 
name of statistical quality control are 
concerned with product specifications, 
analysis of production processes, rou- 
tine process control, design and control 
of inspection procedures, and rationali- 
zation of acceptance specifications. 
These diverse uses, touching most of 
the engineering and production divi- 
sions of a manufacturing organization, 
are closely interrelated and they must 
be administered by persons whose pri- 
mary responsibilities are non-statis- 
tical. The production processes sub- 
ject to routine statistical control include 
automatic mechanical or chemical proc- 
esses, processes dependent largely or 
wholly on human control, assembly 
operations, and adjustment of appara- 
tus. Items*on which statistical bases 
for acceptance may be used to ad- 
vantage range from ball bearings to 
drugs to airplanes. 





ANALYTICAL STATISTICS IN INDUSTRY 


Wark-TIME DEVELOPMENT OF 
STATISTICAL QUALITY 
CONTROL 

Though this paper is concerned ph 
marily with current educational a 





pects of analytical statistics in industry, 
it cannot ignore certain other infly 
ences that operated during the war, 
One of these was the adoption by mog 
military procurement agencies in th 
United States of statistically-based pro 
cedures for inspection of materials su} 
mitted for their purchase. 

The Ordnance Department of th 
Army was the first to take substantia 
steps in this direction. By the summer 
of 1942 it had such procedures i 
effect for the inspection of a wit 
range of small items purchased in great 
quantity; it had introduced a revolt 
tionary principle in the use of statis 
tical control charts in connection with 
the testing of armor plate for accept 
ance; and it had extended its use @ 
statistical tests as a means of providing 
ammunition of all calibers with whith 
superior accuracy of fire could & 
maintained. Other divisions of th 
Army, notably the Quartermaster 
Corps and the Signal Corps, and th 
principal procurement agencies of th 
Navy, were soon to follow in adoption 
of statistical principles for acceptant 
inspection, and to make advances @ 
some respects on the methods initially 
adopted by Army Ordnance. 

The use of statistical principles 1 
acceptance inspection is only a sm 
part of statistical quality control, bit 
the adoption of that part by the chid 
procurement agencies of the armel 
services did much to arouse the inter 
est of war industries in the possibilities 
of the methods in general. 

Early in 1943 the Office of Produt 
tion Research and Development of tht 
War Production Board, under the 
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rection of Harvey N. Davis, entered on 
a program of developing the use of 
statistical quality control in industry. 
That program, as planned’ initially by 
Paul T. Norton, Jr., Chief of the In- 
dustrial Processes and Products Branch 
of the O.P.R.D., was to combine inves- 
tigational and consulting service for in- 
dustry, and assistance with the edu- 
cational program of Engineering Sci- 
ence and Management War Training 
of the U. S. Office of Education along 
lines that had been initiated at Stanford 
University in the summer of 1942. In 
the outcome, the O.P.R.D. program 
was more largely educational than was 
originally planned, because the staff 
available for the work remained so 
small as to require limiting its activities 
to those which promised the largest 
results, and the pressing needs of the 
educational program allowed time for 
only a minimum of consultation on 
statistical problems of individual con- 
cerns. 

In 1941 and 1942 a few educational 
institutions offered evening courses in 
statistical quality control under the 
E.S.M.W.T. program. These courses 
filled a need for training of technical 
personnel for industrial establishments 
which had an existing organization for 
statistical quality control, but they 
failed, then and later, to provide a 
sufficient basis for much extension of 
the methods to establishments where 
they were not previously in use. 

In the summer of 1942 Stanford 
University undertook to develop a type 
of course that would meet the needs for 
introduction of statistical quality con- 
trol into establishments where it was 
previously unknown. The initial Stan- 
ford courses were a product of the 
pooling of ideas and efforts of W. 
Edwards Deming, of the Bureau of the 
Census and Bureau of the Budget, 


Washington, D. C., E. L. Grant of the 
Stanford Engineering faculty, at the 
time Institutional Representative for 
E.S.M.W.T. at Stanford, and myself. 
The courses were made possible by 
existence of the facilities of E.S.M. 
W.T. and by the willingness of its 
Director, George W. Case, to sponsor 
an unconventional type of course in a 
new subject. As developed and tried 
during the latter half of 1942, the 
plan comprised an intensive eight-day 
course designed primarily for men in 
responsible positions in industry, and 
conducted by a competent staff in- 
cluding at least one person with con- 
siderable experience in the industrial 
use of statistics, a subsequent series of 
five all-day class sessions at intervals 
of four to six weeks, and a good deal 
of individual consultation involving 
visits made by the instructors to the 
plants from which men had been sent 
to the course. 

This was the educational plan which 
the O.P.R.D. undertook early in 1943 
to foster and assist. Subsequent modi- 
fication of the plan in the light of ex- 
perience consisted chiefly in a rear- 
rangement by which lectures which 
presented statistical quality control in 
broad perspective were brought to- 
gether into the program of the first 
day of the course and announced as a 
special program for executives. This 
initial one-day program was ysually 
attended by about twice as many per- 
sons as were able to remain for the 
full course, and proved a valuable 
supplement. 

To permit educational institutions to 
assemble adequate instructional staffs 
for such intensive courses, it was neces- 
sary for the O.P.R.D. to provide one 
or two instructors for each course in 
addition to those who could be bor- 
rowed from other institutions or from 
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industry. The O.P.R.D., however, 
avoided furnishing a major part of the 
instruction in any course, holding to 
the policy that each should be prima- 


rily an educational enterprise of the . 


sponsoring institution rather than of 
the War Production Board. The eight- 
day courses could have been given 
more easily and perhaps usually some- 
what better by a staff of instructors 
that moved unchanged from one course 
to another than by staffs that were 
reconstituted for each course, always 
including at least one instructor from 
the sponsoring institution; but class 
meetings subsequent to the initial eight 
days, individual consultation on indus- 
trial problems, and the provision of 
part-time courses to supplement the 
intensive ones, were regarded as essen- 
tial parts of the program, and the re- 
sponsible persons in the O.P.R.D. be- 
lieved that these educational obligations 
should be assumed by local educational 
institutions rather than by a central 
governmental agency. 

Following initiation of the O.P.R.D. 
plan for assistance to educational in- 
stitutions in the giving of intensive 
courses in statistical quality control, 
thirty-three such courses were offered 
by twenty-eight institutions. Two of 
these were given after it became neces- 
sary in the spring of 1945 for the 
O.P.R.D. to discontinue most of its 
assistance. These thirty-three courses 
plus the two earlier Stanford ones 
were attended by 1,950 persons. An 
additional 1,900 attended the special 
sessions for executives which were a 
part of all but the first two courses. 
Of the 1,950 persons who took the full 
intensive course, 230, chiefly officers, 
were from the armed services, 50 were 
faculty members of institutions of 
higher education, and over 1,650 were 
industrial representatives who came 
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from nearly 800 different concerns, 
Among the industrial representatives 
were thirty-three from thirteen Cana- 
dian establishments and two from 
Australia: the works manager of a 
government ammunition factory and a 
representative of the Standards Asso- 
ciation of Australia. 

From the outset the intensive courses 
drew an attendance of high quality. 
Some, especially at the earlier courses, 
were people whose native abilities or 
whose positions in their organizations 
did not permit them to proceed effec- 
tively with the work for which the 
course was intended to prepare them, 
but such unwise selections diminished 
in frequency as industrial concerns be- 


came better acquainted with the nature 


of statistical quality control. The fol- 
lowing tabulation provides an analysis 
by position of those in attendance at 
one of the latest courses. 

The Australian representatives who 
attended intensive courses in the United 
States were instrumental subsequently 
in arranging for similar instruction in 
Australia. 
arrange an intensive course in Canada, 
but in view of the difficulty of assem- 
bling an adequate instructional staff 
and the availability to them of the 
courses in the United States, they con- 
tented themselves with getting part- 
time courses offered. These were tui- 
tion courses given at McGill University 
and the University of Toronto. In the 
United States, through helping to equip 
instructors as well as by stimulating a 
demand for trained persons in industry, 


the intensive courses contributed to a~ 
rapid expansion of part-time instruc- 
tion in statistical quality control after © 
‘Bpersons 


the middle of 1943. 
The intensive courses in the United 
States, all given under the E.S.M.W.T. 


program, provided 158 thousand stu-~ 
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ig a Bdent-hours of instruction to the 1,950 
try, @persons who attended them. Part- 
to a ftime courses under E.S.M.W.T. pro- 
ruc- @vided an additional 250 thousand stu- 
fter $dent-hours of instruction to 5,600 

#etsons. In addition, a large number 
ited §i courses were given in industrial es- 
J.T. @ablishments without academic con- 
“Prection and at least one concern had 








nearly 500 employees trained in qual- 
ity control courses under the exten- 
sion division of a neighboring univer- 
sity. 

The instructional staffs of the in- 
tensive courses in the United States in- 
cluded over forty men who were mem- 
bers of college or university faculties 
at the time of their initial service as 
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instructors, fourteen from industry, 
and three from government service. 
About seventy other persons, chiefly 
from industry, gave special lectures 
at one or more courses. 

Few, if any, of the instructors were 
prepared at the beginning of the pro- 
gram to give first-class instruction in 


all the aspects of quality control treated - 


in the intensive courses. The plan of 
instruction was developed through the 
cooperation of instructors with varied 
backgrounds for contributing to the 
course, and new instructors were be- 
ing trained throughout the life of the 
program. Most of the instructors were 
men with either a good grounding in 
mathematical statistics and much teach- 
ing experience or with special knowl- 
edge of industrial problems of quality 
control, who were able to fill some 
instructional need in connection with 
the course without special preparation. 
Nearly all those recruited for courses 
after the first three were given an op- 
portunity to observe one of the inten- 
sive courses before they participated as 
instructors. 

In the spring of 1944, at the sugges- 
tion of Director Case of E.S.M.W.T., 
a special course, given at Purdue Uni- 
versity, was arranged for training in- 
structors. It provided for attendance 
on one of the regular courses for 
industrial personnel, supplemented by 
two prior days of lectures and a sub- 
sequent day-and-a-half of round-table 
discussions. This instructor-training 
course, attended by 29 faculty mem- 
bers from eighteen institutions, might 
well have been repeated for additional 
groups of prospective instructors, but 
the O.P.R.D. staff was unable to as- 
sume the obligations for assistance with 
additional intensive courses that should 
have followed such further training of 
instructors. 
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The great extension in industrial use 
of statistical methods during the war 
created a place for societies to serve 
the interests of people engaged in ap. 


’ plying such methods. Informal organi- 


zations which attendants on the inten 
sive quality control courses were 
encouraged to form as a means of 
aiding advance of their own technical 
and scientific knowledge developed in 
most instances into active professional 
societies. Similar local societies were 
formed also in a number of cities of 
the United States and Canada where 
no intensive course had been given, 
The local groups in the United States 
very early began to aspire to a na 
tional organization. In response toa 
desire of most of these groups for 
competent advice and assistance in the 
formation of a national society, the 
Committee on Applied Mathematical 
Statistics of the National Research 
Council, which had been the original 
sponsor of a national program for ex 
tending the use of statistical quality 
control in war industry, made a study 
of the proposal and suggested pro 
cedures appropriate to the formation 
of a national society with substantia 
professional and scientific objectives 
These suggestions were adopted by 
nearly all of the local societies in the 
United States and a provisional oF 
ganization is now in effect. 


Post-War EpucATIONAL NEEDS 


The education of industry in the use 
of analytical statistics was only well be 
gun during the war. It will continu 
rather slowly, somewhat as before the 
war, if it is dependent mainly on books, 
journal articles and discussions at Ss 
ciety and association meetings. It ¢ 
proceed much more rapidly if peae 
time provision is made for cours 
such as were available during the wat 
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Plans laid for post-war education in 
statistical quality control for men in 
industry should take account of the 
two fairly distinct educational needs 
that exist. One, for the training of 
technicians, is rather easily met by ex- 
tension courses of the usual type. The 
other, for education of men in ad- 
ministrative and supervisory positions, 
seems to require a type of course which 
it is difficult for an educational institu- 
tion to arrange without assistance from 
an agency specializing in such courses. 
Industrial concerns are prepared to pay 
for such instruction, and if it is not 
provided by existing educational insti- 
tutions it may be offered by private 
commercial organizations, which may 
tend to operate on a promotional rather 
than on a sound educational level. 

From industry’s discovery of the 
usefulness of analytical statistics will 
come a demand, only slightly felt as 
yet, that institutions offering technical 
training to young people preparing to 
enter industry include in that training 
suitable education in statistics. This 
nascent demand will present two or 
possibly three problems for educational 
administrations. Most readily recog- 
nized and met, perhaps, will be the 
need for more and better courses in 
institutions of higher education to train 
statistical specialists. Industry will 
seek people of such training, faculty 
members will offer courses purporting 
to give this training, and students will 
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elect them, with only such need for 
special administrative supervision as is 
required to see that the new courses 
are competently taught. 

More difficult may be the adjust- 
ments needed to include in the basic 
training of engineering graduates the 
education in fundamentals of statistics 
which industry will expect of them. 
In many concerns now, men in posi- 
tions for which a broad engineering 
knowledge is needed rate the under- 
standing of statistical principles that 
they have acquired recently as equal- 
ling in importance the knowledge, 
gained earlier, of the principles of 
mechanics or of chemistry. In the fu- 
ture, a grasp of the principles of statis- 
tics will be expected of all engineering 
graduates. Engineering curricula be- 
ing what they are, this new need will 
not be met without some stress in 
academic circles. 

In a number of concerns which have 
undertaken wide use of statistical qual- 
ity control, a need has been felt for 
teaching production and assembly fore- 
men and operators and routine in- 
spectors some of the simpler concepts 
and principles of analytical statistics. 
These people have found the instruc- 
tion interesting and stimulating and 
their efficiency and cooperativeness 
have been improved thereby. Such 
experiences may foreshadow the intro- 
duction of some statistical principles 
into technical courses in secondary 
schools. 





Binomial Coefficients 


Derivation of a Formula 


By HARRY SOHON 
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Binomial coefficients are used in 
many branches of engineering and 
technology. Statistics, biometry, and 
quality control are only a few subjects 
that make use of these coefficients. 
For those who are not familiar with 
the term ‘binomial coefficient’ we 
may say that the symbol and defining 
equation are 


G-eana 


It is equal to the number of ways in 
which n things can be taken r at a 
time. 

As an illustration of the use of bi- 
nomial coefficients in quality control 
we present the following example. 
This example is hardly typical of rec- 
ommended practice, the numbers used 
in the illustration having been selected 
to simplify the equations. Resistors 
are packed twenty in a box. A re- 
sistor is considered defective if its 
resistance differs by more than ten 
per cent from the nominal value. If 
no more than four resistors out of 
twenty are defective the product is 
considered satisfactory. It is not 


(3)(0) 


16X15X144 


practical to test every resistor; there- 
fore four selected at random from each 
box are tested. 

Assume that there are exactly four 
defective resistors in the box. Then 
the probability that all four resistors 
selected are good will be equal to the 
number of ways four resistors can be 
selected from the sixteen good ones 
divided by the number of ways of 
selecting four resistors from the totai 
number, twenty. This is 
() 16X15X14X13 

4} 1X2X3x4 


(70) 2oxtoxisxtt 
4 1X2xX3xX4 








=0.3756 (2) 





which implies that we may expect 
37.56% of the samples tested to be 
perfect. 

The probability that three will be 
good and one defective is the number 
of ways of selecting three from the 
sixteen good ones times the number of 
ways of selecting one from the four 
bad ones divided by the number of 
ways of selecting four from twenty. 
We have 


1X2X3 1 





~ 20X19X18X17 


= 0.4623. 





(1) 


1X2X3X4 
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The probability that two will be good and two defective is 


(2)() 


16X15 4X3 
1X2 1X2 





~ 20K1918X17 


= 0.1486. 





(2) 


1X2X3xX4 


The probability that one will be good and three defective is 


(7)(3)_ 


16 4X3X2 
1 1X2x3 





~ 20191817 


= 0.0132. 





(_) 


1X2X3xX4 


The probability that all will be defective is 


(:) 





= 0.0003. (6) 





+ 


These results are summarized in 


Table 1. 
TABLE 1 


Condition of 
mple 


Perfect 

One defective 
Two defective 
Three defective 
Four defective 


Per Cent 
Boxes Expected 


37.56 
46.23 
14.86 
1.32 
0.03 


Total 100.00 


From the table we should expect 
two or more to be defective in 


14.86+1.32+0.03=16.21% (7) 


ofthe samples. Now if the test shows 
that two or more are defective in 50% 
of the samples this would indicate that 
there are more than the allowable four 
defective resistors in each box of 
twenty; therefore steps should be 
taken to improve the process. 

In the illustration it was assumed 
that each box contained only twenty 
items instead of two dozen or a gross 
because the binomial coefficients are 


(™) Bxexiext 
1X2X3X4 


not easy to evaluate when large num- 
bers are involved. When coefficients 
involving large numbers are required 
and if tables are not at hand some 
approximate formula must be used. 
Generally this consists of using Stir- 
ling’s approximation for the factorial 
forms in the exact formula, equation 
(1). 

In this paper a different approxi- 
mate formula is derived. The deri- 
vation is presented because there are 
various interesting steps and accom- 
panying comments that may prove 
valuable to the reader. For example 
one expression for an increment is pre- 
ferred over another although both are 
derived from the same considerations. 
In another part where we should pre- 
fer to use m we think we ought to use 
n+3 and then find that the most sat- 
isfactory choice is n+0.5. 

It is hoped that the reader will 
appreciate the method of derivation 
as well as the usefulness of the result- 
ing formula. 
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If we assume that m is an even 

number and substitute 
n 

r=ytm (8) 


into equation (1) we have, using y for 
the binomial coefficient, 
n! 


G+) Ge) 


In this form it is an even function of 
m, that is, replacing m by —m does 
not change the value of y. 

If m is changed to the next larger 
value we have 


ytAy 





(9) 








(10) 


The change in y obtained by sub- 
tracting equation (9) from (10) is 


2m+1 
n * 
qtm+ 


Ay=-— (11) 


The binomial coefficient is an even 
function of m. The slope therefore is 
an odd function of m. Replacing m 
by —™m in equation (11) will not result 
in simply changing the sign; hence we 
are not satisfied with the increment 
given in equation (11). 

Change m in equation (9) to the 
next smaller value and we have 
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n! 
y—Ay= 
n n 
es { — —_1)! 
(5 m+1)\(3-+m 1)! 
* 
BE! veil 
ij 


Subtracting equation (12) from eq 
tion (10) gives 


mn x. 
m 2 m 





tm+1 


2Ay =y| — 


n 
amt 


This is an odd function of m 
therefore is suitable for our pur 
This equation may be written 


—m(n+1) 


Ay=y ? we st 
(F+m+1)(5-m-+1) and 


We shall now change from the di 

















creet variable m to a continuous va _ 
able x such that we shi 
Ma 
max =x (19s app 
where Ax will be specified later. eo 
(n+1)— 
271) ~ (oxy 
a (n+1)x a 
Ax” (Ax)*(n+-2)?—42? 
—Axy 
v : (18 
2 
Pe adn 4x 
a+1 n+1 





If m is a small number equation (1 
is satisfactory and there is no need 6 
an approximate formula. We are if 
terested in the case where n is large 









fhe second term in the denominator 
equation (18) will become negligible 
n increases; but if we now choose 
appropriately the first term can be 
de to approach any number we 
e. We might choose Ax such 





t 
(Ax)?(n+2)? _ 
om eq mie =b. (19) 
or ” very large this is the same as 

(Ax)?n =b. (20) 
3 ut if ~=100 
I 

1.02)? 

= 100 to _ approx. 103 (21) 
1.01 
m 

pur ggesting that we use 


(Ax)*?(n+3) =6. (22) 


e shall delay decision at this time 
and choose Ax such that 


(Ax)*(n+a) =6, (23) 


where a and b are constants. Later 

we shall find a=0.5 is the best choice! 
Making this substitution and letting 

(1§fs approach infinity and Ax approach 
wro we have for the limit of equa- 
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tion (18) 

(24) 
The general solution of this differ- 


ential equation is 


— 2x2 
lean > 


Gs 





(25) 


or 
y = Cel, (26) 


In order to evaluate the constant of 
integration C we use the following 
device. Consider the histograms in 
Fig. 1 where the heights are propor- 
tional to binomial coefficients, actually 
equal to terms in the polynomials 


(0.5+0.5)". 
For n=2 
ee 
4"4 6 
For n»=4 
:. £2 es 
16'16'16'16' 16 
For n=6 
ae ce ee ee ay 
64 6a t 6a t Gat 64 t 64 * 64" 
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The numerators of the various frac- 
tions are the binomial coefficients. 
The sum of the numerators equals the 
denominator and the area under each 
histogram is equal to unity. The 
width of each rectangle which repre- 
sents Ax is equal to unity however. 
Consequently if Ax is not unity the 
area of the histogram will be equal 
numerically to Ax. Hence the area 
under the curve of equation (26) 
should be equal to 2*Ax. 


f Ce* ody = 2"Ax. (27) 


From integral tables we find the value 
of the definite integral on the left of 


equation (27) and have Ax given by 
equation (23). 


C 7 a2 oat (28) 
Qatt 
C= Scene . (29) 
Substituting in equation (26) we have 
nts 
yu mr ol » (30) 
From equation (15) we have 
x? = m?(Ax)?. (31) 


We can eliminate Ax by means of 
equation (23) and have 








mb 
Son ‘ 
ry re (32) 
Therefore 
2m? 
2x?/b = ie (33) 
which gives 
nth 
: (34) 


= $2" | (n+) | 
. Vavn+a 


To get this in terms of 7 instead of 
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m we use equation (8) 


ie —_——_——_-- {2{(n/2)—r}?/(m+a) } (35) 


” Veva-+e 


We are satisfied that this is a good 
approximation when 7 is large. Ifn 
is large the value of a will not be 
important. We therefore adjust a to 
make equation (35) good for small 





values of nm. Let r=n/2. Then 
n! ant+t 
(1) ve vere “ 
2! 


We substitute various values of » and 
solve equation (36) for corresponding 


values of a. The results are given in 
Table 2. 
TABLE 2 
n a 
2 0.546 
4 0.527 
6 0.520 
8 0.516 
10 0.51 
12 0.51 
14 0.51 


This indicates that a=0.5 should be 
satisfactory. This is quite different 
from a=3. Now as long as a in the 
coefficient has this unexpected value 
we suspect a in the exponent of equa- 
tion (35). Let »=14 in equation 
(35). We have 


14! 
(14—r)!r! 
4.5 


=e (271)? / (14+) J 37 
VrV14.5 (37) 


Substitute various values of r and 
solve fora. The results are tabulated 
in Table 3. 

Although this variation appears rather 
wide it is really not very severe when 
we recall that normally a is to be 
added to a large number when the 








: forn 


neal 





(35) 


If n 
t be 
a to 
mall 


(36) 


and 
ling 








TABLE 3 
r a 
2 —0.23 
3 0.26 
4 0.60 
2 0.83 
6 0.97 


‘formula is used. An average value is 


near 0.5 giving 


n! 


(n—r)!r! 
Qnti 
= ——$———¢— (2[(n/2)—r] 2/(n+4)} (38) 


~ Vaevn+3 


This formula has been worked out 
for even values of m. The derivation 
should now be inspected to see what 
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the effect will be of using an odd value 
of m. This phase of the problem is 
left for the interested reader to try for 
himself. This formula will be found 
to work rather nicely for computing 
probabilities because of the two expo- 
nential expressions. By multiplying 
numerator and denominator of the 
coefficient by V2 and the numerator 
and denominator of the exponential 
fraction by 2 the formula can be made 
to look a little better 


a 


n! 
(n—r)!r! 
Qrti : 
BP a a ila a (39) 
awN2n 








Origin and Development of Cooperative Courses 
at the University of Cincinnati * 


By CLYDE W. PARK 


Professor Emeritus of English, College of Engineering and Commerce, 
University of Cincinnati 


Although most of the happenings 
reviewed in this paper date back nearly 
forty years, my purpose in recalling 
them is not primarily historical. If we 
are not careful of our emphasis we are 
likely to treat the past as something 
that is over and done, and not as some- 
thing that has significance for the pres- 
ent. This is particularly true of hap- 
penings that are identified with the 
name of some outstanding person who 
has passed on. Thus, without realizing 
it, we convey the impression that Cin- 
cinnati’s achievements in music belong 
to the period of Theodore Thomas; in 
art, to that of Frank Duveneck ; and in 
education, to the time of Herman 
Schneider. Yet the chief reason why 
these dynamic leaders are remembered 
is that each of them inaugurated a vital 
tradition. Their ideas were not only 
valid for their own time but were also 
an inspiration and a challenge to suc- 
ceeding generations. 

Herman Schneider is remembered 
chiefly for his originality in devising 
a new approach to an educational prob- 
lem. He also created a method, but 
he was not interested in formulating 
a rigid plan. The “cooperative sys- 


*A paper given at the Fall Meeting of 
the Cincinnati Section, American Society of 
Mechanical Engineers, Cincinnati, Ohio, Oc- 
tober 3, 1945. 


tem,” as it was called, was simple in 
outline and flexible in operation. Be- 
cause of its varied and far-reaching 
applications, it might better be referred 
to as “the cooperative idea.” 

The preliminary stages in the de 
velopment of Schneider’s idea are so 
well known that they need be re 
viewed only briefly in this connection. 
Seen in retrospect, such a development 
appears quite logical in view of the 
conditions in education and industry 
which prevailed around nineteen 
hundred. Engineering education had 
evolved slowly through the nineteenth 
century. Except in a few technical 
colleges which had originated as such, 
and in the non-agricultural divisions of 
the “A and M” colleges, the training 
of engineers was carried on largely 
by certain departments of the colleges 
of liberal arts. This arrangement was 
not without some important advamt- 
tages. For providing intellectual dis 
cipline, cultural training and the mas 
tery of fundamental science, the Arts 
college of the Victorian period has been 
justly praised. Naturally, the learning 
that it imparted was abstract, and the 
campus had a monastic detachment 
which was one of the most persistent 
of college traditions. In the last decade 
of the nineteenth century, teachers of 
engineering had become a_ distind 
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group, represented by the newly organ- 
ized “Society for the Promotion of 
Engineering Education.” Their sepa- 
rate identity and specialized function 
was thus thrown into sharper relief. 
So was their relationship to the in- 
dustries, whose growth in that period 
was creating a greatly increased de- 
mand for trained engineers. Up to 
this time it may be noted, the indus- 
tries themselves had maintained an iso- 
lation as complete as that of any 
university campus. Their personnel 
consisted largely of “self-made” tech- 
nical men who had come up through 
the shops. Secure in their practical 
knowledge, these men often looked up- 
on college folk with unmitigated con- 
tempt, an attitude that was cordially 
reciprocated. But practical men had 
their limitations, and these in turn 
might become limitations to the growth 
of industry at a time when research and 
design were more important than they 
had ever been. Plainly the industries 
that used engineers and the colleges 
that trained them needed a closer un- 
derstanding of each other as a basis for 
working out their cornmon problems. 

Somewhat brashly, for a young col- 
lege instructor, Herman Schneider pro- 
posed a simple and direct plan for 
bringing education and industry to- 
gether. He believed that engineering 
students should be given both practical 
and theoretical training through alter- 
nate periods at college and at practical 
work. These periods, equal in length, 
were to be comparable also in edu- 
cational value, since each would repre- 
sent a progressive sequence from the 
elementary to the more advanced 
phases of study and experience. The 
sequences would be planned to em- 
phasize the inter-relations between 
theoretical and practical aspects of 
engineering training. Through direct 
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contact with the processes and equip- 
ment of industry in actual operation, 
the student-worker would have the 
benefit of a complete and up-to-date 
laboratory of applied science, while in- 
dustry would have the services of an 
alert young employee trained under 
practical conditions. During his “work 
period” the student would receive pay 
at the standard rate and would other- 
wise have the status of a regular em- 
ployee. Upon graduation from college, 
assuming that he made good and found 
the work congenial, he would become a 
full-time instead of a half-time worker. 

Schneider’s enthusiastic advocacy of 
his plan, his efforts to “sell” the idea 
to his colleagues at Lehigh University 
and to such firms as Westinghouse and 
the American Bridge Company, the 
mixture of encouragement and rebuffs 
he received, his patience and persist- 
ence in renewing his campaign—all 
this is a long story, but one that is 
fairly well known. His first real prog- 
ress did not come until 1903, when, 
after a last-minute change in his plans 
to go to the University of Wisconsin, 
he became Assistant Professor of 
Civil Engineering at the University of 
Cincinnati. 

Continuing his efforts to obtain a 
trial for his cooperative plan, Schneider 
received definite encouragement from 
the mechanical engineering industries 
of Cincinnati, particularly the machine 
tool manufacturers. His first convert 
was John M. Manley, Secretary of the 
Cincinnati Metal Trades Association, 
who learned of the cooperative idea 
through a brief newspaper item re- 
porting a talk Schneider had given to a 
local group of mechanical engineers. 
Mr. Manley accompanied Schneider on 
a series of visits to Cincinnati manu- 
facturers who might become employers 
of cooperative students if and when the 
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plan were put into operation. When 
the response became sufficiently prom- 
ising to warrant the making of definite 
plans for an experimental class of co- 
operative students, Schneider received 
powerful support from two manufac- 
turers wino were members of the Uni- 
versity’s Board of Directors: Ernest 
DuBrul and Frederick A. Geier. Many 
industrial leaders outside Cincinnati 
commended the plan from the begin- 
ning. Among these were Charles F. 
Kettering and the late John H. Pat- 
terson. 

An initial cooperative class of 
twenty-seven entered the University in 
September, 1906. The progress of 
these young men, and of other and 
larger classes which followed, was 
watched with great interest, both lo- 
cally and nationally. The American 
Machinist, which had published an out- 
line of the cooperative proposal in 
1905, opened its columns for annual 
reports by Schneider concerning de- 
velopments in the operation of the plan. 
The gradual growth in number of stu- 
dents, range of industries and types of 
cooperative employment makes a statis- 
tical record that plainly spells “Suc- 
cess.” For example, the enrollment 
had reached 450 by the beginning of 
the First World War, and students 
were employed by 35 different firms. 
The course was. suspended for 
the duration, then post-war expansion 
brought the enrollment to 1,800, where 
it was stabilized. By this time the 
number of employing firms had in- 
creased, to 300, and the geographical 
“radius of cooperation” had been ex- 
tended to 500 miles. 

Of the many observations concern- 
ing the effect of industrial contact upon 
' the student, I shall mention only one 
in this brief discussion. It was noticed 
from the start that the student was 


ORIGIN AND DEVELOPMENT OF COOPERATIVE COURSES 


stimulated to think about principle 
and explanations underlying the ma 
chines, processes, and labor relations 
which he encountered in the shops, He 
asked questions on the job and he 
brought questions back to the Une 
versity each time he returned from 
work. In other words, the coordina 
tion between theory and practice did 
not wait to be brought up in the class 
room—though it was discussed there 
It began in the student’s own obserya- 
tion and questioning. His firsthand 
contacts on the job gave a realistic 
turn to his thinking and induced 4 
positive, definite attitude in his attack 
upon any problem. Because all written 
reports passed through my hands, I 
had an excellent opportunity to ob 
serve this realistic approach, partly in 
the choice of subjects, but even more 
in the way the subjects were handled. 
Examples could be cited without limit 
One day two upper-class students 
brought in for criticism a report they 
had writen on a study of “the effect 
of compression ratio on a gas engine.” 
They debated certain points with the 
positive knowledge that comes only 
from direct experience. One of these 
young men was the same Walter 
Tangeman who is taking part in this 
Symposium tonight. _As in the cas 
of many other former “coops” who 
have become industrial leaders, I cam 
say that “I knew him when.” A stt 
dent who brought in a paper on “Time 
setting on Planer Operations” was 
similarly qualified to discuss his sub 
ject, because he had done time-setting 
and knew all about planer operations. 
He was already well on his way to 
ward his future position of Super 
intendent of Production in a large ma 
chine tool plant. Of course discus 


sions like this were especially welcome 
to a teacher of English. A compost 
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tion is always better if the writer is 
interested in his subject, knows some- 
thing about it, and has a motive for 
discussing it. All of these require- 
ments were fulfilled in the papers which 
came from industrial laboratories and 
shops. 

Since my part of the symposium 
this evening has to do mainly with the 
beginnings of the cooperative plan, as 
introduced by Herman Schneider at 
the University of Cincinnati, I shall 
omit any extended reference to later 
developments. There is a great abun- 
dance of printed matter covering appli- 
cations of the plan in different insti- 
tutions and in various industries. One 
document not as yet available which I 
hope will soon be published is a com- 
prehensive report which has just been 
made on “The Aims and Ideals of 
Cooperative Education.” The com- 
mittee which has prepared this report 
for the cooperative section of the So- 
ciety for the Promotion of Engineering 
Education, consists of Dean C. J. 
Freund, University of Detroit, Chair- 
man; Acting President R. C. Disque, 
Drexel Institute of Technology; Dean 
R. C. Gowdy, College of Engineering 
and Commerce, University of Cincin- 
nati; and Professor F. G. Seulberger, 
Northwestern University. The sum- 
mary made by these men is equally 
valuable as a review of the past and 
a a sailing chart for the post-war 
period. 

In view of the record so far, it seems 
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likely that the system which had its 
modest beginning at the University of 
Cincinnati in 1906 will play an impor- 
tant part in the educational programs 
of tomorrow. Certainly that will be 
true if history repeats itself and a pe- 
riod of expansion occurs comparable 
to that which followed the First World 
War. My own present mood suggests 
a final word ‘of caution, rather than 
prophecy. What the cooperative sys- 
tem can do has been demonstrated. 
What it will do hereafter depends. The 
dislocations caused by the latest World 
War have been far greater than those 
of a generation ago. The four-year 
eclipse of scientific training that has 
alarmed thinking people everywhere 
will have its effect upon engineering 
education, including the cooperative 
type. Then, too, it should be remem- 
bered that the cooperative system is not 
automatic. It needs something more 
than formal endorsement or lip service. 
It calls for administrative alertness, 
adaptability and enthusiasm, together 
with an absorbing interest in young 
people’s careers. Because it is a vital 
principle it will withstand opposition, 
but it can suffer impairment if it is 
neglected or sold short by its friends. 
The contribution which it can make in 
the training of young people is unques- 
tionably needed. Given an opportu- 
nity, the cooperative plan should prove 
more effective than ever in promoting 
team work between education and 
industry. y 











Humanistic-Social Studies in Engineering— 


who 





civiliz 

3 . that | 

Another Viewpoint eg 

forms 

By S. F. BORG It 

Assistant Professor of Aeronautical Engineering, Postgraduate School, mode 
U. S. Naval Academy colleg 

engin 


Perhaps the favorite topic of discus- 
sion among engineering educators to- 
day concerns the “humanization” of 
engineering education. Hardly a month 
passes but that one or another engi- 
neering journal contains an article 
which will point out the so-called 
weaknesses of our present engineering 
curricula insofar as humanistic studies 
are concerned. We are advised, almost 
hysterically, to wake up and do some- 
thing—fast—before it’s too late. Engi- 
neers need, we are told, more English 
courses, more sociology courses, more 
history, more economics, more of 
everything, in fact, except engineering. 

Let’s get down to fundamentals. An 
engineering course is supposed to train 
a man for the engineering profession. 
An engineer differs from the arts or 
home economics or business adminis- 
tration student in that he, as an en- 
gineering student, was trained in 
engineering. 

Just exactly what does prepare a 
man for engineering and eventually 
gives this man the right to call himself 
an engineer? Surely not the fact that 
he studied the same courses as the ac- 
countant or arts student, with the ex- 
ception of perhaps a handful of funda- 
mental engineering courses—possibly 
just enough to hopelessly confuse him 
and thoroughly unprepare him for his 
later responsibilities in engineering. 
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Engineering is growing up. The 
golden age of engineering rises before 
us—challenging, yet holding forth 
promise of engineering wonders as yet 
undreamed of. Before us also lies the 
opportunity that we, as engineers, have 
been waiting for—the chance to lift 
our profession to a station of dignity 
on par with the medical and law pro 
fessions. Before us lies the opporte 
nity to rise completely above the 
pseudo-engineers who are working in 
the mechanics trades or are included in 
the sales organizations of so many 
firms. 

We are told that the engineer is not 
reading Plato, hasn’t read Shake 
speare, is not interested in the economic 
conditions of the tribes of Outer Mor 
golia and can’t prattle properly across 
the dinner table. Therefore he is 4 
failure as a citizen and it is the duty 
of the engineering school to correct this 
condition. 

Surely an engineer who is interested 
in economic problems or who enjoys 
Shakespeare will read books on these 
subjects and be prepared to discuss 
them at greater length than the et 
gineer who studied economics ant 
Shakespeare during his college cours 
and considered the subjects a drudgery 
at that time. Also, an engineer cal 
read an authoritative daily newspape 
(including the editorial page) without 
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having taken an English course in col- 
lege. Who will then say that he is 
less well informed than the engineer 
who took a college course in modern 
civilization but who thereafter decided 
that his daily newspaper fare will con- 
sist only of Superman and the racing 
forms ? 

It is not “humanization” that the 
modern engineer will look for in his 
college course. Let us train him in 
engineering. Let us prepare him for 


HUMANISTIC-SOCIAL STUDIES IN ENGINEERING 





425 


the engineering field, the scientific en- 
gineering field, of the future by giving 
him a complete and thorough back- 
ground in engineering. The present 
four year course will not then admit 
very many humanistic courses. As an 
educated man, an engineer will then 
round out his humanistic side in ac- 
cordance with his inclinations and abili- 
ties—which he would do in any case, 
“humanistic” engineering course not- 
withstanding ! 


ERRATA 


On page 283 of the December 1945 issue of THE JouRNAL-‘oF EN- 
GINEERING EpucaTIoNn, the third line in the second column of the 
article—Necrology, the word should be consequence instead of con- 


sequently. 


THE Ouro SEcTION will meet in Columbus at the Ohio State Uni- 
versity for an all-day session on Saturday, April 13, 1946. 


S. B. Fork, Chairman 











Servomechanisms Courses—Their Pedagogic Value 


By DONALD P. CAMPBELL 


Instructor in Electrical Engineering, Massachusetts Institute of Technology 


The widespread use of precision in- 
struments and automatic control sys- 
tems throughout industry and research 
today is almost incomprehensible. In 
our business and social lives similar 
devices are gradually appearing which 
not only expedite the work we do, but 
which also increase our pleasure and 
well being. Both the layman and the 
scientist find speculation upon future 
applications of instruments and auto- 
matic control systems interesting and 
fruitful because there are few situations 
in everyday life where such devices 
cannot be used effectively. 

The general interest in instrumenta- 
tion and automatic control creates an 
educational problem calling for fertile 
creativeness and intentive thinking. 
Men of all- walks of life, from the man 
of the street to the professional engi- 
neer or scientist, demand to know more 
about the theory, construction and use 
of these instruments-and control sys- 
tems. No single training program or 
university plan could meet their col- 
lective needs, because the difference in 
intellectual needs is too great and be- 
cause the general science of instru- 
mentation and control has not yet been 
so firmly established that it warrants 
elementary translation. Nevertheless, 
the university and industry have parti- 
ally solved portions of the educational 

* Original paper published by Instruments 


Magazine, November, 1945; rewritten No- 
vember, 1945. 





problem already and vigilance in both 
groups will ultimately provide the dé 
sired training for laymen, salesmen, de 
signers and scientists. 

Courses for training graduate eng 
neers in instrumentation and automat 
control have been in effect for some 
time at M. I. T.,* and a few other 
schools have offered similar training 
programs, but the question must hk 
answered, “Should more engineering 
training courses in instrumentation and 
automatic control be inaugurated im 
our engineering schools and univers 
ties ?” 

The magnitude of the professional 
need for engineers trained in th 
subjects mentioned clearly indicates 
that more instrument and control traiie 
ing programs should be inaugurated 
throughout principle engineerig 
schools. However, care must be exe 
cised when establishing new programs 
or when augmenting existing ones, th 
pedagogical practices which might 


*A series of courses in Instrumentation 
have been presented under the direction @ 
Professor C. S. Draper in the Aeronautical 
Engineering Department. Likewise a sefié 
of courses in Servomechanisms Theoy 
under the direction of Professor G §& 
Brown are given in the Electrical Engineer 
ing Department. Close liaison has been a 
complished by the two departments becaiist 
the material in both groups of courses aft 
related in such a manner that the student 
desiring to study Instruments or 
Engineering must be acquainted with bolt 
subjects. 
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established during the pioneering era 
in these sciences do not tend to be in- 
adequate later. A sound approach to 
the broad educational problem may 
satisfy the immediate need of training 
instrument and automatic control per- 
sonnel, and may also influence future 
trends in engineering education. 

The Servomechanism Theory Courses 
presented at M. I. T. exhibit definite 
in both§ influential possibilities with regard to 
the def general engineering education. The 
nen, de pedagogical values which are prevalent 

are: The general integration of the in- 
te engi§ dividual courses presented in the under- 
itomati§ graduate program into a well-rounded 
r somes engineering background; the destruc- 
v other§ tion of unnecessary barriers now exist- 
training§ ing between the various engineering 
nust eB branches; and finally the creation of 
neering persevering tendency toward self-edu- 
ion and cation. Similar or even the same re- 
ated inf sults may be attributed to any number 
niversi-§ of engineering courses, but a unique 
opportunity seems to be present in 
Servomechanisms Theory because of 
the particular nature of the subject and 
the objective which has followed in its 
presentation. Evidence shows proper 
balance must exist between theory and 
reduction to practice in this particular 
subject moreso than in most under- 
graduate courses. Although automatic 
control theory can be formulated com- 
pletely as an abstract science, all 
branches of engineering contribute 
practically in both the types of equip- 
ment used and in the engineering 
techniques used. 

The foregoing statements seguoding 
the pedagogic value of Servomechan- 
isms Courses can be better evaluated if 
one has a knowledge of the history of 
rses a8 automatic control and an appreciation 
— of the present-day state of the science. 

Since the middle of the last cent 
ith both e mi of the last century, 
new ideas and new equipment emerg- 
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ing from the general engineering sci- 
ences were rapidly adopted and in- 
corporated into automatic control theory 
and design. Today, as a direct result 
of this practice, we find that the theory 
of automatic control consists of a het- 
erogenous conglomeration of mechani- 
cal, electrical, hydraulic, pneumatic, 
electronic, optical, pyrometric, and 
other engineering concepts. To find so 
many individual engineering branches 
actively represented in a single special- 
ized subject of study adds greatly to 
the general interest in automatic con- 
trol, but a complication is likewise 
present in the educational problem. 
Engineers cannot be trained specifically 
to enter any one sub-division of the 
field of automatic control when they 
graduate from technical schools. The 
justification of this conclusion is self 
evident when one considers a few of 
the specializations. Aircraft automatic 
pilot design, industrial process control, 
military fire control and gunnery, in- 
dustrial machine control and computing 
machine design are only a few ex- 
amples. However, the same training 
program in fundamentals used for proc- 
ess control groups can adequately meet 
the needs of naval fire-control and gun- 
nery personnel, industrial-machine con- 
trol personnel, aeronautical control 
personnel, and others concerned with 
very vital and active engineering prob- 
lems in automatic control. Sufficient 
similarities exist among the varied in- 
terests to warrant the development of 
a non-specialized method of instruction 
within a specilization. 

A plan for the establishment of auto- 
matic control courses in the university 
can be formulated. Such courses 
should embody fundamentals consoli- 
dated by liberal use of practical ex- 
amples. The logical academic level for 
the subject seems to be in the graduate 











428 SERVOMECHANISMS COURSES—THEIR PEDAGOGIC VALUE 


school and certainly not beneath the 
calibre of a senior year engineering 
course. This plan is in direct agree- 
ment with the general philosophy of 
university education where the young 
engineer is taught fundamentals first 
and engineering practice is deferred un- 
til he enters professionally into in- 


dustry. However, if automatic con- 


trol engineers are to be produced, the 
existing educational philosophy must 
be modified because a thorough ground- 
ing only in the fundamentals is no 
longer adequate graduate training or 
even undergraduate training. The stu- 
dent must be sent out into the world 
with confidence and a good common 
sense ability for using the fundamen- 
tals to advantage. 

The task is easier to cite than to 
accomplish, for the chaos existing in 
the average student’s mind resulting 
from the unrelated manner in which 
fundamental theory courses are pre- 
sented must be eliminated before form- 
al instruction ceases. While labora- 
tory courses are in general intended 
for this purpose, they cannot produce 
the desired overall result alone. A 
formal, carefully supervised course in 
the regular or the elective curriculum 
to provide the needed integration of 
fundamental theory must exist. The 
responsibility of aiding the student in 
the manner described cannot be rele- 
gated entirely to the university. In- 
dustry often erroneously concludes 
that the student upon leaving school 
should be filled with specialized in- 
formation which will enable the com- 
pany he enters immediately to realize 
a gain upon the investment. A revision 
is needed here in favor of the student, 
for he is now merely a mouthpiece or 
an automatic element in himself and 
rather than becoming a progressive 
thinker, he is often thwarted and falls 


by the wayside. Recognizing the oh 
ligations placed upon both the un 
versity and industry, let us now cop 
sider how the proposed program for 
training automatic control engineer 
can be accomplished. 

The basis of the science of automatic 
control is the continuous control of the 
behavior of a prescribed time-varying 
quantity in accordance with some other 
predetermined variable which also may 
be time varying. The object of per 
forming the control is to make avai 
a device which is capable of replacing 
adequately a human operator ordinarily 
required to perform the task. Some 
times human physical limitations neces 
sitate the use of automatic control; 
sometimes economic reasons dictate the 
policy. Often the complexity of the 
control to be accomplished exceeds the 
mental comprehension of a human 
The type of apparatus chosen for auto 
matic control systems usually operates 
upon the fundamental principle of com 
paring the controlled performance @ 
the time-varying quantity with the dé 
sired quantity in such a manner that 
the error or deviation which exists be 
tween the two actuates the controlling 
mechanism. This concept is the key 
note of the entire science. 

To repeat is not redundant : The Se 
ence of automatic control must 
founded entirely upon the concept 
studying the dynamical behavior 
physical elements, physical systemt, 
and combinations of physical systems, 
elements, and humans. The starting 
point for effective educational planning 
lies here, but the dynamics referred 
is not the pseudo-dynamics sometime 
found in the elementary courses of me 
chanics and physical sciences, but @ 
all inclusive dynamics aptly describe 
by Sir Isaac Newton when he ont 


said that there is only one scien] 
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of mechanics—dynamics and all stud- 
jes of statics are special cases. Dy- 
namics alone cannot serve as_ the 
foundation for building an automatic 
control educational program. Engi- 
neers live now in a world where prac- 
tical, down to earth engineering usage 
of the physical theories must be ac- 
complished by quantitative and not 
qualitative methods. Therefore, con- 
sider what influence the quantitative 
engineering approach has upon the 
educational problem. 

The knowledge of how a process con- 
trol system functions in detail or how 
acontrol system performs some spe- 
cialized operation is insufficient infor- 
mation to enable a true understanding 
of the physical problems involved. The 
exact measure of how well the control 
performs must be known before the 
science is quantitative. Again let us 
tefer to the statement of a great sci- 
entist for substantiation. Lord Kelvin 
once remarked. “When you can meas- 
we what you are speaking about and 
express it in numbers, you know some- 
thing about it; but when you cannot 
measure it, when you cannot express 
itin numbers, your knowledge is of a 
meagre and unsatisfactory kind.” Such 
an engineering attitude should be in- 
stilled in the student during university 
study. For example, the student should 
be aware that the design of a control 
system entails a detailed knowledge of 
the gallons of fluid per second flowing 
through valves, the amount of mechani- 
al motion of control valves, the in- 
lantaneous acceleration of motors 
under the influence of torques, the dur- 
ation of oscillations excited in the 
dsed-loop, the instantaneous power 
tequired to produce the required con- 
trolling action and the like. 

The prerequisites for the training 
Which are essential if we are to pro- 
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duce men steeped in the philosophy of 
quantitative dynamical engineering are 
few but they are basic. First, the stu- 
dent should have a sound understand- 
ing of dynamics; second, he should 
have a broad knowledge of mathematics 
which he can use as a tool of engineer- 
ing application; third, he should have 
a well-rounded knowledge of machin- 
ery, electricity, electronics, circuit 
theory, hydraulics, etc. from which he 
can draw the information he needs. 
Furthermore, the theoretical training 
and the laboratory studies which par- 
allel the theory should bear close corre- 
lation. Although the burden placed 
upon the student is severe, here at last 
seems to be an engineering subject 
ideally suited for bringing the loose 
ends of the many components, making 
up an engineer’s background, into one 
well-integrated whole. 

If we assume that the student who 
wishes to enter automatic control en- 
gineering and instrumentation has the 
necessary prerequisites, it now becomes 
necessary to prepare a complementary 
program consisting of theory and lab- 
oratory courses to meet the established 
objectives. Theoretical study must be 
supported by confirmation in the lab- 
oratory of the principles expounded. 
A portion of the classroom work should 
be devoted to integrating the labora- 
tory measurement problem with the 
theory. Also, as a part of the pro- 
gram, a definite effort should be made 
to refrain from the “easy-dose” codd- 
ling of the student in both the theory 
and the laboratory work. Not only a 
well-trained automatic control engi- 
neer, but a good sound thinking stu- 
dent able to follow an engineering 
career in any field will emerge if the 
suggested program is successfully exe- 
cuted. 

To demonstrate that the suggestions 
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for training automatic control engi- 
neers are not theoretical ones, I should 
like to describe now in detail the pro- 
gram in Servomechanisms Theory 


offered at M.I.T. emphasizes the in- 


herent pedagogic values which appear 
basic in the training of engineers and 
scientists, completely independent of 
the particular profession they choose. 
The graduate courses in the Theory of 
Servomechanisms comprise: (1) a 
course where the fundamentals of oper- 
ation of closed-loop control systems are 
presented; (2) a later course dealing 
with the problem of servomechanisms 
design and synthesis; (3) laboratory 
coursés given in conjunction with the 
advanced theory course for the purpose 
of providing a quantitative approach to 
measurement and design, and for de- 
veloping an appreciation of the fact 
that all control systems are a collection 
of dynamic elements or instruments. 
The underlying philosophy of the 
graduate program is in essence the one 
which has already been outlined; 
namely, a quantitative presentation of 
the theory of analysis and synthesis of 
closed-loop automatic control systems 
from a dynamical point of view sup- 
ported by laboratory confirmation. 

To be certain that the conclusions 
derived from the coming discussions 
are valid, let us consider the status of 
the students entering these graduate 
servomechanisms courses before pro- 
ceeding with a description of the ma- 
terial itself. The students are typical 
engineering graduates of high calibre, 
standing perhaps in the top one-fifth 
of their class; they are electrical en- 
gineers, mechanical engineers, areo- 
nautical engineers. Although there are 
always certain exceptions, the group 
exhibits year after year the same weak- 
nesses; namely, a vagueness in their 
fundamental understanding of dynam- 
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ics; a lack of confidence when writing 
differential equations to represent 
physical zystems ; a lack of effectiveness 
in the use of mathematics which they 
have learned. They have not inte 
grated to any substantial degree the 
knowledge gained as an undergraduate 
and they are not capable of using im 
formation gained in one phase of their 
training to expedite work in another, 

Deficiencies existing in the student's 
background must be offset in the first 
theory course if he is to understand 
the general overall problem of auto 
matic control clearly enough to under 


take the problems of design and sym 


thesis in the advanced courses. The 
major part of our effort during the 
first semester is, therefore, directed to 
ward creating in the student a feeling 
of genuine confidence in analyzing the 
behavior of control systems. This work 
divides into two sections: the first com 
cerned with the establishment of the 
proper tools and techniques for per 
forming analysis; the second, with the 
use of these tools and techniques on the 
fundamental control systems whieh 
constitute the backbone of the contr 
engineer’s working philosophy. Cor 
siderable attention is given to the prob 
lem of determining the transient te 
sponse characteristics of closed-loop 
automatic control systems to arbitrary 
external disturbances. The student 
required to write the differential eque 
tion which expresses the behavior @ 
various control systems. He is ff 
quired to solve these equations and he 
is expected to be able to derive from 
the results numerical answers to such 
typical questions as: How long wil 
the transient persist in a particular cor 
trol system excited by a certain et 
ternal disturbance? What is the ut 
damped natural angular frequency of 
oscillation of the control system? How 
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yiolent an oscillation can be tolerated 
in the performance of the control sys- 
tem in terms of the application? Ex- 
actly how would you adjust the control 
system constants to produce optimum 
dynamical performance? These ques- 
tions cannot be answered by qualitative 
study; they require quantitative data. 
This creates one of the many interest- 
ing pedagogical problems. If the stu- 
dent must be quantitative, he must be 
given an appreciation for the general 
magnitude of the physical quantities 
which describe the equipment involved. 
The students popularly refer to this 
part of their training as “acquiring 
ball park numbers” representative of 
the machinery and the systems with 
which they are dealing. 

Home problems are developed in 
which the physical constants of the 
equipment being studied are repre- 
sented by typical numbers. Classroom 
derivations are terminated with a “re- 
duction to practice” lecture whenever 
possible. Actual components and con- 
trol systems found in modern applica- 
tions are brought into the classroom, 
their operation is demonstrated, their 
constants are measured, and a direct 
correlation is made of the theory with 
the observations. 

A representative classroom discus- 
sion may illustrate the value of the 
partiql-demonstration lecture. A mo- 
tor rated at one-fourth horse power is 
exhibited to the group. It runs at 
3,600 r.p.m., and is a shunt field sepa- 
rately excited motor wound for re- 
versible operation. The discussion is 
built upon these questions: What is a 
good round number for the moment of 
inertia for the rotor? If the armature 
current is held constant, what is the 
stall-torque per ampere of current flow- 
ing in the field windings? What is the 
Tatio of the starting torque to the nor- 
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mal full load running torque? If a 
sudden voltage is applied to the field 
windings of the motor, what is the 
time required for the motor armature 
to reach substantially full speed in one 
direction or the other?. If the motor 
is geared to an inertia load member to 
be controlled, what is the net inertia of 
the system referred to that shaft where 
the load exists. Incidentally, how is 
the problem of impedance matching in 
the mechanical system handled com- 
pared to the similar problem of im- 
pedance matching in electric circuit 
theory? No students feel that these 
questions are beneath their dignity. As 
the work extends into the more ad- 
vanced phases, it is gratifying to ob- 
serve students making a rapid estimate 
of the weight of a motor for an. air- 
craft application or condemning a 
black-board discussion because they 
feel it does not contain enough down- 
to-earth facts. 

The transient analysis approach to 
closed-loop control system analysis be- 
comes complicated and laborious when 
extended to use on progressively more 
intricate control systems. New ana- 
lytical tools for predicting and under- 
standing the dynamical behavior of the 
more complex systems are found in the 
frequency response studies of the com- 
munications engineering theory. Al- 
though the information gained is quite 
different from that found in the tran- 
sient approach, there is a convenient, 
readily understandable correlation be- 
tween the behavior of a control system 
excited by sinusoidally varying dis- 
turbances and one excited by impulses. 
The sinusoidal method of analysis de- 
pends upon observing, in terms of a 
vector ratio, the relationship between 
the controlled response of the system 
and the excitation causing this re- 
sponse. Both the magnitude of the 
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vector ratio and the phase angle be- 
tween the vectors can be plotted as a 
function of the excitation frequency. 

Again a new type of thinking is 
demanded of the student, for one 
rarely finds engineers who will readily 
concede that a mechanical system, hy- 
draulic system or a pneumatic system 
can be effectively studied by applying 
sinusoidally varying disturbances to it, 
or that the response can be represented 
to advantage as a locus in the complex 
plane. Nevertheless, the student soon 
finds a definite correlation between the 
width of the frequency band where no 
pertinent resonance effects occur and 
the general transient behavior of the 
same system. He learns that compli- 
cated control systems may have several 
independent modes of oscillation, some 
of which may exhibit predominant 
resonance effects, while others either 
exhibit slight resonance tendencies or 
none at all. 

Again the concept of “ball park 
numbers” is valuable. The student 
must learn that mechanical systems 
consisting of heavy moving members 
will not oscillate at frequencies above a 
few cycles per second unless tremen- 
dous forces are involved. Further- 
more, when systems of this nature 
show resonance in a manner not suit- 
ably damped, one can be almost certain 
that ultimate destruction of the equip- 
ment will occur. 

The sinusoidal approach to control 


“system analysis leads to thinking in 


terms of the transmission of data or in- 
formation around the closed loop. The 
perfection of the elements of the overall 
system is measured in terms of the am- 
plification and the phase shift of the 
signal as it passes through the various 
components. Terminology is borrowed 
from the electronic and communication 
fields by referring to the “gain” or the 


“amplification” and the “phase re 
sponse” of the transmitted signal as a 
function of the frequency of the applied 
disturbance. The time has arrived for 


-the presentation of the more profound 


tools facilitating control system sym 
thesis when we glean this type of un- 
derstanding among the students. 

A function theory approach to the 
problem of representing the behavior of 
a dynamical system is necessary for 
accomplishing synthesis. The dynamic 
behavior of individual physical ele- 
ments of a control system can be rep 
resented in terms of transfer functions 
and overall systems can then be syn- 
thesized by combining properly the dy- 
namical response of the separate com- 
ponents mathematically, or graphically, 
Components of the controller not speci- 
fically defined can now be formulated 
in a clear and direct manner. Guess 
work is eliminated. 

The theory course reaches its cul- 
mination at this point. The. student 
finds that he has developed from 4 
level where he was reticent to venture 
a prepared discussion of an analysis 
to a level where he desires to design 
and build new devices in the laboratory 
along carefully planned routes of sc 
entific thinking. 

The servomechanisms laboratory 
program commences with the simple 
one-afternoon type of experiment and 
broadens to the project type of experi- 
ment continuing for several weeks. 
Thus a wide variety of experimental 
possibilities permit the student first to 
gain a firm understanding in the fun- 
damentals of quantitative measurement 
and later his study can be directed to 
ward more extensive problems. 

Elementary measurements made in 
the laboratory are concerned with the 
determination of the moment of inertia 
of motors and synchro armatures, the 
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elastance of springs, the damping forces 
produced in oil-filled dashpots, the 
torque-speed curves of prime movers 
(electric and hydraulic), and in gen- 
eral the static constants of typical con- 
trol apparatus. Next, the student is 
required to measure the dynamic re- 
sponse for components of control sys- 
tems, instruments and the simplest 
automatic control systems. Often these 
measurements are purposely made 
without the use of elaborate measuring 
equipment because our experience has 
indicated that many measurements can 
be made in a simple and direct manner 
with hardly more equipment than can 
be comfortably carried in one’s coat 
pocket. 

The advanced phase of laboratory 
work is planned once the student has 
mastered the fundamentals of measure- 
ment. Long range projects are se- 
lected, preferably by the student, which 
necessitate careful theoretical analysis, 
correlating measurement, synthesis, 
partial or total construction and test of 
the completed apparatus. The scope 
of the laboratory work can be illus- 
trated by considering some of the proj- 
ects undertaken by the student. Closed- 
looped speed control systems for con- 
trolling automotive engines have been 
studied by using electrical-mechanical 
analog methods. Components of auto- 
matic pilots for aircraft have been 
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tested in an effort to improve the over- 
all system performance; an automatic 
tracking telescope has been. considered ; 
and a wide variety of less compre- 
hensive problems has been studied. 
Frequently, the problems are extended 
to the scope of graduate theses. 

Summarization is difficult because 
of the numerous underlying themes 
which have led to the preparation of 
this paper. There is a definite need 
for extensive education in instrumenta- 
tion and automatic control. The 
breadth of the training sought neces- 
sitates a division of the responsibility 
among industrial groups as well as the 
university. While certain specialized 
groups of control and instrument per- 
sonnel can be effectively trained, these 
sciences are not yet in a suitable form 
to be presented to the layman. A 
limited number of schools offer courses 
in’ Instrumentation and Automatic 
Control, but the number of specialists 
trained is not adequate. 

Servomechanisms courses seem ide- 
ally suited for providing a correlation 
of engineering theories and ideas. In- 
teresting and up-to-date subject matter 
can be used from almost all the en- 
gineering fields for presenting the 
theory in a quantitative manner. At 
last a subject has been found which 
makes possible cross-fertilization of 
engineering courses at a lively and 
sparkling tempo. 
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Education for a Changing World 


By BLAKE R. VAN LEER 
President, Georgia School of Technology 


Having seen the vast changes within 
the past decade wrought in the South 
by industrial development, a technolog- 
ical war, and reconversion of industry 
from peace to war and then back to 
peace, the writer will attempt to evalu- 
ate the many new problems and 
changes faced by the Georgia School 
of Technology and the other engineer- 
ing schools of the United States and 
Canada. 


VETERANS AND OTHER STUDENTS 


The young man, who three, four or 
five years ago, swapped his slide rule 
and books for a rifle, his dormitory 
room for a tent or foxhole, and the 
peace and quiet of campus life for the 
muck and horror of war, is coming 
back to finish his interrupted educa- 
tion. But in his brief absence from the 
halls of education the world has moved 
forward and developed new scientific 
facts and knowledge which made pos- 
sible radar, jet-propelled airplanes, the 
many marvels’ of electronics, and other 
objects unknown before the war. And 
in turn, the returning veteran, having 
been through the Gethsemane of blood 
and death and having been exposed to 
the spiritual devestation that war in- 
evitably brings to the young and sensi- 
tive mind, will depend upon us as edu- 
cators to rebuild his spirit and to re- 
kindle his desire to learn. This “old” 
young man is our first and immediate 
problem in a changing world. 


The next problem in order of im 
portance is the “new” student, eithera 
veteran who entered the armed forces 
upon graduation from high school ora 
recent high-school graduate. However, 
new and better techniques developed 
during the war for training engineers 
and others remain and should prove 
just as useful with him. 

Besides teaching an engineering stu 
dent the basic fundamentals of mathe 
matics, physics, English, and the mane 
facturing processes of our today, we 
must teach the humanities and a sound 
philosophy of life based on objective 
truth, against which the various “isms,” 
the hurricane of divergent political 
thoughts, and the gales of human de 
structive forces cannot prevail. L# 
us go back to the eternal and objective 
idealistic truth of the Bible. As en 
gineering educators, it is our bounden 
duty to develop in our students, the 
great attributes of engineering: integ- 
rity, character, logical thinking, and 
habits of industry. 

Once we teach the student thes 
truths and develop the engineering at 
tributes, we want to show him how t 
put these into effect, how through the 
channels of society to effect the mission 
of the engineer, which is—doing the 
greatest spiritual and material good 
for the greatest number. This meats 
establishing in our college pattern and 
in our economic life a closer allianc 
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between the community and the en- 
gineer. 


Tue HUMANITIES OF ENGINEERING 


For years statesmen, politicians, 
lawyers, generals and pedagogues have 
ruled our country and the world. 
Now, at last comes the era of the en- 
gineer—the era of the human engineer 
so clearly exemplified in the large scale 
problems of mass education, mass 
transportation, mass production, and 
mass redisplacement of the millions in 
Europe and the millions in our own 
country whose way of life has been 
changed by a war economy. To equip 
each of our students to deal with these 
problems, we have first to teach him 
about his fellowmen. Courses in po- 
litical philosophy, sociology, personnel 
relations, community government, mu- 
nicipal planning, city management, and 
group psychology are indispensable. 

Peace and world order imply not 
only a pooling of trade, of economic 
developments, but also a pooling of en- 
gineering and scientific knowledge. In 
view of this, the education of the en- 
gineer suggests comparative education, 
which is a knowledge of his South 
American neighbor, of his Russian 
ally’s scientific progress, of the philo- 
sophy of his temperamental French 
cousin, and even of the forces which 
led a whole German people to embrace 
a totalitarian philosophy. This means 
broadening of the curriculum to include 
courses in foreign government, world 
trade, political philosophy, and foreign 
languages, and in addition, research in 
problems indigenous to European na- 
tions, to South American countries, and 
to the vast untouched field of Asiatic 
agricultural and industrial needs. 

In establishing closer relationship 
between the community and the engi- 
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neer in our own country, we are lay- 
ing the groundwork for an era of in- 
dustrial prosperity. Since the war has 
clearly shown the interpendence of 
country upon country, people upon 
people, community upon community, it 
is logical to expect that this trend will 
continue and will be directed more and 
more by engineers versed not only in 
technology but also in the humanities. 
Industry is asking for this type of 
engineer today and is willing to sub- 
sidize his training, to finance his re- 
search, and even to suggest the organi- 
zation of his curriculum. Why? 
Industry knows it will directly benefit 
from his efforts to its own economic 
betterment. In return, the student 
will benefit from a clearly motivated 
and directly purposeful education. 


RESPONSIBILITIES OF THE ENGINEER- 
ING EDUCATOR 


A great responsibility rests upon the 
engineering teacher in this changing 
world—a responsibility to his students, 
to his community, and to himself. His 
responsibility to his students is to see 
that they are directed towards the field 
of specialization for which they are best 
fitted. Preliminary aptitude tests can 
detect certain latent traits that will 
help in this diagnosis. In other words, 
a mechanical engineer should receive 
technical training that will make him 
a better mechanical engineer. Follow- 
ing the decision on the student’s field 
of specialization, the engineering teach- 
er should then give the student the 
most purposeful and scholarly instruc- 
tion of which he is capable. 

In his responsibility to the commun- 
ity, the engineering teacher must be 
alert to the needs and desires of in- 
dustry, state and nation for the various 
types of engineers. He creates them, 
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shaping abilities that may benefit his 
community .at any specified time. A 
teacher existing in a vacuum does not 
create capable engineers. As the needs 
of a community are in a perpetual flux, 
so the education of the engineer should 
be adapted for timely communal needs. 
Just as present-day engineering educa- 
tion is concerned with industrial recon- 
version and development, construction 
and reconstruction, so the engineer of 
tomorrow must be trained in the speci- 
fic future needs of the community. It 
may be prefabricated housing, mass 
city planning, air conditioning, or de- 
velopment of synthetic foods. 

The engineering teacher has a re- 
sponsibility to himself, as an individual. 
The period of academic isolation and 
the anti-socialism of the teacher is gone. 
The professional engineer is aware of 
his professional interrelation with so- 
ciety. So the engineering teacher owes 
himself the responsibility of keeping en 
rapport with the community in which 
he lives, and which he serves as a 
citizen. For in that way only can he 
train others to live in and serve it. 


THE GROWTH OF ENGINEERS 


Engineers have grown great because 
more than any other group of public 
servants, they have anticipated the fu- 
ture of society's needs. Whenever so- 
ciety has reached a stage in its de- 
velopment when it was ready for a 
revolutionary change, an engineer has 
come forward to meet it. Witness 
Stephenson and his steam locomotive, 
Eli Whitney and the cotton gin, Edison 
and his electric light, and Taylor and 
modern management. More than any 


‘other group of public servants, engi- 


neers have raised the standards of liv- 
ing for the masses of people by em- 


phasizing the necessity for technological 

developments which in turn made cul 

tural and educational opportunities, 
Today, the stature of the engineer 


-and his work on behalf of society is 


being greatly enhanced not only be 
cause of the work of the professional 
engineer but also because of the engi- 
neering schools in his particular area, 
For example, safety on land and se 
and in the air is being furthered by the 
radar research being carried on at 
M.I.T.; the peaceful application of 
atomic energy are being studied at the 
University of Chicago; and the de 
velopment of resources and industries 
in the South is being assisted by the 
research work at the Georgia School 
of Technology. Since the writer is in 
timately familiar with the work of the 
last-mentioned institution, he will use 
it as an example of how the engineer 
can aid the development of an area or 
even a country. 

Surveys carried out by engineers 
have shown that it is not possible to 
bring the per capita income of the 
South to a level comparable with that 
of the North and East without de 
veloping greatly the area’s industries. 
This, it has. been proved, can only be 
done through engineering and scien 
tific research. There is no other way 
the South can find means of developing 
its natural resources and converting 
them from raw materials into useful 
manufactured products. As a result of 
research at Georgia Tech thus fat, 
many industries in Georgia and the 
South have been developed or & 
panded and in this way much done t0 
improve some of the poverty-stricken 
districts of the area. Needless to say, 
the stature of the engineer in the South 
is growing with each of these accomr 
plishments. 
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ENGINEERING COLLEGES ARE THE 
ScHOOLS OF TODAY AND 
TOMORROW 


Our engineering schools today are 
sought after because of the universally 
practical training an engineering school 
offers. Dealing as he does, in facts 
and figures, mainly, the engineer can 
readily transfer his training to indus- 
trial administration, to governmental 
management, or to such non-technical 
fields as law, medicine, and theology, 
applying to each one not a hit and miss 
method of approach but a scientific one. 

The mental and moral disciplines 
which are developed in studying the 
basic fundamental subjects in engineer- 
ing are of tremendous importance. One 
cannot bluff his way through courses 
in mathematics, physics and chemistry. 
The student either knows the answer 
or he does not; he can solve the prob- 
lem or he cannot and there is no argu- 
ment about. it. When the results are 
reviewed any competent outside person 
can determine whether or not the an- 
swer and the solution are correct. 
Thus a student is required to develop 
logical and accurate habits of thought. 

The engineering curricula require for 
the four year baccalaureate from 25 
per cent to 30 per cent more actual 
hours of work than is required in the 
average normal liberal arts curriculum. 
Thus at a time when many scoff at 
hard work and habits of industry, the 
engineering curricula insist upon them. 
That is the reason industries all over 
the United States and Canada seek 
the graduates of engineering schools. 
These young men are not only trained 
in the basic fundamentals of their pro- 
fession but also in habits of industry 
and habits of integrity. 

The time is coming when even the 
field of government, too, will be eager 
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for the engineer’s training in coping 
with large scale problems of city and 
state and national management. This 
development has been accelerated by 
the recent war. 

The scientific advances in many 
specialized fields of engineering have 
been so rapid and so great that the 
volume of material available even in a 
very small highly specialized field is 
now so great that a young man cannot 
grasp it all in the four years of his col- 
lege training. Therefore, engineering 
colleges should offer an additional 
year in graduate work or even extend 
the four years course to five years, 
as some engineering schools have al- 
ready done. The graduate student 
should be encouraged, in fact required, 
to investigate new and unknown paths 
through the jungles of scientific ignor- 
ance. He should be taught to develop 
mental and technical resourcefulness, 
courage, and imagination on a much 
higher and greater level than we have 
any right or reason to expect from an 
undergraduate student. Only in this 
way can we meet the growing demand 
from industry and government for men 
trained as research engineers and sci- 
entists. 


FUNDAMENTALS ARE IMPORTANT 


Whether we are teaching veterans 
or new students, it behooves us to be 
careful of our fundamentals. These 
fundamentals, as brought out in the 
preceding paragraphs, are: integrity of 
character ; accurate, methodical and re- 
lentless logic ; work habits of industry ; 
and useful knowledge, which should 
include the humanities and political sci- 
ences. Engineering educators should 
never forget that the engineering stu- 
dents of today are the leaders of to- 


morrow. 








‘ 
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The reconstruction and reconversion 
period now underway will hasten 
greater changes technologically as well 
as socially. Our problems of world 


production, world trade, and world: 


distribution will necessitate the capable 
services of trained engineers if our 
country is to succeed as a world power. 


What better insurance of that succes 


could we have than the character an 


capacity of the teachers in our engineer. 
ing schools, who have brought us thy 
far in our civilization and in our s¢ 
entific development? The engineering 
teachers are shaping the destiny of th 
world. 
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Engineering Physics as a College Curriculum 


Progress Report of Committee on Engineering Physics, Physics Division 


C. E. BENNETT, University of Maine, Chairman 
J. W. WOODROW, Iowa State College 
F. L. PARTLO, Michigan College of Mining and Technology 


One of the first projects undertaken 
by the new division of Physics, author- 
ized at the Cincinnati meeting of the 
S.P.E.E. in June 1944, was a study of 
the status of Engineering Physics cur- 
ricula in engineering colleges by a com- 
mittee appointed by the chairman of 
the Division, J. G. Potter. This is the 
first report of this committee. 

An attempt was made to ascertain 
how many and what colleges offer the 
Engineering Physics curriculum, or 
one which might be construed as its 
equivalent.. A letter and questionnaire 
were sent to the Head, or Chairman, 


of the Physics Department in each of 


the approximately 175 institutions 
listed as Institutional Members of 
S.P.E.E. in the February 1944 issue 
of the JouRNAL OF ENGINEERING 
Epucation. The returns provide the 
basis of this report. They seem par- 
ticularly significant because 120 re- 
plies were received from the 175 ques- 
tionnaires sent out. This represents a 
surprisingly high score for any ques- 
tionnaire. Since any conclusions based 
upon a study of the returns of a 
questionnaire depend so much upon 
the exact wording of the questions and 
the instructions, the letter and the 
questionnaire are reproduced here in 
their original form as shown on pages 
440 and 441. 


The replies to the questionnaire fall 
into two groups according to a positive 
or a negative answer to the first ques- 
tion “Does your institution grant a 
degree in physics which might be in- 
terpreted as satisfying the above defi- 
nition of Engineering Physics?” It is 
of interest to note that 46 institutions 
reported “yes” and 73 reported “no.” 
Of the latter group, however, 17 insti- 
tutions gave no degree at all in physics. 
In the institutions reporting “yes,” 
several different names for the curri- 
culum are reported, as indicated in 
table I, which also shows the college 
or division of the institution in which 
the curriculum is administered, and a 
yes or no answer to the question “Al- 
though your curriculum fits the above 
definition would it be described more 
properly as a physics curriculum in 
which a minor in engineering is listed ?” 

The institutions answering “no” to 
the first question are listed in table IT 
according to the category in which they 
are interpreted as falling, based upon 
a study of the answers to question 3 
“If you do not have such a curriculum, 
do you contemplate offering one in the 
near future ?”, question 4 “Do you have 
any interest in such a curriculum?”’, 
question 5 “Does your institution offer 
any degree in physics ?”. 
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DIVISION OF PHYSICS 


SocIETY FOR THE PROMOTION OF ENGINEERING EDUCATION 





J. G. Potter, Chairman 


a) 
C. E. Bennett, Secretary PI 
Executive Committee: H. L. Dodge, J. H. Howey, J. W. Woodrow 1. Doe 
fyin 
December, 194 
To CHAIRMEN, DEPARTMENTS OF PHYSICS 2Ify 
Gentlemen : (a 
A Committee of the recently formed Physics Division of S.P.E.E. has been ap (b 
pointed to consider questions relating to Engineering Physics. As a first step, it 
i seems desirable to find out, if possible, how many and what institutions are granting ( 
degrees at the present time in Engineering Physics. The term Engineering Physica ue 
i is used in this letter to indicate a curriculum in applied physics in an engineering 
: atmosphere leading to a B.S. degree, whether or not it is administered in a college o (d 
school of engineering. Although it is felt by some that eventually this designation 
may be limited to a strictly engineering degree, the term does not have any universally (e 


accepted definition at the present time. In all probability it will never mean a rigid 
set of courses, the same for all institutions, but rather a curriculum in applied physic 
and engineering developed from a technological rather than a liberal arts viewpoint, 
and leading to a B.S rather than an A.B. degree. 

You would be of great assistance to this Committee if you would answer ang 3. If y 
return the attached brief questionnaire. If the preliminary results should warrant it futu 
a second questionnaire may be used for more detailed information. An analysis dB 4 po 
this material will be presented at the annual meeting next summer to which you aml 


your colleagues are invited, whether or not you are members of S.P.E.E. Incidentally, 5. Doe 

: an increase in physicist membership would be a fitting appreciation of the couneil’ If s 
¥q action in creating the new Physics Division of S.P.E.E. 

‘ 6. Com 


S.P.E.E. Committee on Engineering Physics 
; C. E. Bennett, Chairman* 
i H. L. Dopce * 
: J. H. Howey 
F, L. Partio 
J. G. Porrer * 
J. W. Wooprow 


‘ * Also members of the A.A.P.T. Committee on Cooperation with the S.P.E.E. 
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QUESTIONNAIRE 


CoMMITTEE ON ENGINEERING PuysIcs 


S.P.E.E. 





Please answer and return to C. E. Bennett, University of Maine, Orono, Maine. 


N 1. Does your institution grant a degree in physics which might be interpreted as satis- 
fying the above definition of Engineering Physics? ...........0:e-seeeeeeeee 


r, 1944 


2. If your answer to the above is yes 
(a) Is it called “Engineering Physics” or “Applied Physics” or what? .......... 


(b) Is the present name satisfactory? ............eeeeeee cece eeeee or what 
would you suggest as &: HOtler Mame? 656. i eee ead beta ee ce ter ene 


(c) Is any special literature available to describe it? (The Committee would be 
ICSGC (0. TOCHIVE Th) oo sc ctcccece se cia ss ccuntgp esses sass arene 


(d) Is the: curriculum administered in a College or a Division of Engineering? 
Pepa saaT aha be dns wee TE. WOE, WRRTET 5 oo iuias cudaune cancer eeseee 


(ec) Although your curriculum fits the above definition, would it be described 
more properly as a physics curriculum in which a minor in engineering is 
OtOE Sos oc vic oc 0 babs pkeeendew ds 006s bss Dh eee eke tetas ee 
If so, would you prefer a more closely integrated engineering and physics 
ConmmbMation?: oo... os sisi wuiedigiscs es vey cee 53968 PAVE CU NERE eas + Sane 





er ani 3. If you do not have such a curriculum, do you contemplate offering one in the near 
ant it BNE, Ck Saad vac p tne cadee buwas bauceule ses au eae dase tne s Sel ee vies oe 


sis OB 4. Do you have any interest in such a curriculum? .............6.20c cece ee eeee 
mu and 

tally, 5. Does your institution offer any degree in Physics? .............000sceeeeeeeees 
uncil’s eae, went: Gear? 66. ioc cows vinwh acs ab cus cont gehsutgeh oy Renin’ Beene 


NG cs ok, . eee ee bee ete aces peace, <baam eee eets aco 
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TABLE I 


INSTITUTIONS ANSWERING “YES” TO QUESTION I: 


“Does your institution grant a degree in physics which might be interpreted as satisfying 
the above definition of Engineering Physics?” Institutions are listed according to the name 


used for the curriculum. 


























Is curriculum 
better described 
as Physics 
Administration of curriculum. with 
Institution College of minor? 
(1) Engineering Physics 
Alabama Polytechnic Institution Engineering No 
University of Alberta Engineering and Physics No 
University of Colorado Engineering No 
University of Illinois Engineering No 
University of Kansas Engineering No 
Lafayette College Engineering No 
Lehigh University Engineering No 
University of Maine Engineering No 
Michigan College of Mining and 
Technology Engineering No 
University of Michigan Engineering No 
Montana State College Engineering No 
Ohio State University Engineering No 
Oklahoma A. and M. College * Arts and Sciences Probably not 
University of Oklahoma School of Engineering Physics No 
Queen’s University Engineering No 
South Dakota School of Mines Engineering No 
South Dakota State College Engineering No 
University of Tennessee Engineering No 
University of Tulsa Engineering No 
* Prefers the name applied Physics. 
(2) Physics and Engineering 
University of Pittsburgh Engineering No 
(3) Applied Physics 
California Institute Technology Yes 
Iowa State College * Science Yes 
University of Maryland Arts and Sciences Yes 
Rutgers University Arts and Sciences -— 
Rensselaer Polytechnic Institute Engineering No 
* Not satisfied with name. 
(4) Industrial Physics 
University of Akron Arts College Yes 
University of Arkansas Arts and Sciences _ 
Clemson College * School General Science Yes 
Kansas State College Arts and Sciences No 
Louisiana State University Chemistry and Physics Yes 
Virginia Polytechnic Institute Engineering Yes 
Wayne University College of L. A. Yes 





* Not satisfied with name. 








(5) B.S. 
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TABLE I—Continued 








Is curriculum 
better described 
Administration of curriculum. ped we Le 
Institution College of minor? 
(5) B.S. in Physics 
Polytechnic Institute Brooklyn Engineering ; Yes 
Case School of Applied Science Engineering No 
Georgia School of Technology Engineering No 
Illinois Institute Technology Engineering No 
Massachusetts Institute Technology Engineering — 
University of Minnesota Institute Technology Yes 
Missouri School Mines and Metallurgy ! Engineering No 
Pennsylvania State College ? School Chemistry and Physics Yes 
Rhode Island State College Engineering Yes 
Rice Institute * Academic Yes 
University of Rochester ‘ Physics Department Yes 
University of Texas Arts and Sciences Yes 
Union College Division of Engineering Yes 
Worcester Polytechnic Institute Engineering Yes 





1 Would prefer the name ‘Engineering Physics.” 


* Has considered “‘Industrial Physics.” 
*Honors in Physics. Not satisfied. 


* Prefers ‘‘Physics for Engineering Students.” 


TABLE II 


INsTITUTIONS ANSWERING “No” TO 
Question I 


. Contemplating such a curriculum in the 


near future 


University of Alabama 

Bradley Polytechnic Institute 
University of California 

Carnegie Institute of Technology 
University of Cincinnati 

Colorado A. and M. State College 
Fenn College 

Harvard University 

Howard University 

Johns Hopkins University 
University of Kentucky 

Marquette University 

University of Nebraska 

New Mexico College of A. and M. 
North Carolina State College 
North Dakota State College 
University of Pennsylvania 
Princeton University 

Syracuse University 

University of Utah 

University of Virginia 

Washington University (St. Louis) 
University of Wisconsin 


2. Interested and possibly contemplating 
later (after war) 

The College of the City of New York 
Clarkson College of Technology 
University of New Mexico 
New Mexico School of Mines 
Oregon State College 
State College of Washington 
University of Wyoming 

3. Interested but not contemplating one 
Alfred State Agricultural and Technical 

School 

University of Arizona 
Bucknell University 
Chrysler Institute of Engineering 
University of Connecticut 
The Cooper Union 
University of Delaware 
Detroit Institute Technology 
George Washington University 
University of Georgia 
University of Idaho 
Michigan State College 
Mississippi State College 
University of Missouri 
University of Nevada 
Newark College of Engineering 
New York University 
University of North Dakota 
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Tasie II—(Continued) 


Northwestern University 
Pratt Institute 

University of Puerto Rico 
Rose Polytechnic Institute 
Southern Methodist University 
Stanford University 

State University of Iowa 
Swarthmore College 
University of Toledo 
Tulane University 
University of Vermont 
Valparaiso University - 
Virginia Military Institute 
West Virginia University 


4. Not interested 
Catholic University of America 
Dartmouth College 
Los Angeles City College 
Manhattan College 
Montana School of Mines 
University of Nebraska 
New York State College 


Webb Institute Naval Architecture 
Yale University 


5. Of the above institutions, the following 
not offer a degree in Physics 


Alfred State Agricultural and Te 
nical School 

Chrysler Institute of Engineering 

Clarkson College of Technology 

Cooper Union 

University of Delaware 

Detroit Institute of Technology 

Fenn College 

*Franklin Technical Institute 

University of Georgia 

State University of Iowa 

Los Angeles City College 

Montana School of Mines 

Newark College of Engineering 

New Mexico School of Mines 

Pratt Institute 

Rose Polytechnic Institute 

Webb Institute of Naval Archi 


Texas A. and M. College * Not listed in table II. 


TABLE III 
ScHOOLS WITH AVAILABLE INFORMATION ON ENGINEERING Puysics * 


University of Akron (Catalog Material, B.S. in Applied Physics) 

Alabama Polytechnic Institute (Engineering Physics) General Statement and Currie 
Case School (Catalog Material, B.S. in Physics) 

Clemson College (Catalog Material) 

University of Colorado (Catalog Material, Engineering Physics) 

Illinois Institute Technology (Bulletin) 

University of Illinois (Descriptive paper and curriculum) 

Kansas State College (Curriculum in Industrial Physics) 

University of Kansas (Curriculum in Industrial Physics) 

Lafayette College (Catalog Material, Engineering Physics) 

Lehigh University (Catalog Material, Engineering Physics) 

Louisiana State University (Catalog Material, Physics) 

University of Maine (Published Material with curriculum in Engineering Physics) 
Michigan College of Mining and Technology (Catalog Material) 

Montana State College (Willing to help, Catalog Material) 

Ohio State University (Catalog Material, Engineering Physics) 

Oklahoma A. and M. (Catalog Material) 

University of Oklahoma (Curriculum and Engineering Physics Bulletin) 

Queen’s University, Kingston, Ontario (Catalog Material, Physics) 

Rensselaer Polytechnic Institute (Catalog Material) 

Rhode Island State College (Catalog Material, Physics) 

South Dakota School of Mines and Technology (Catalog Material, Engineering P 
University of Tennessee (Catalog Material) 

University of Tulsa (Catalog Material, Engineering Physics) 

Union College (Catalog Material) 

Wayne University (Curriculum Material, Industrial Physics) 


* Probably not a complete list. 
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TasLe III—(Continued) 


-TABULATED RESULTS 


Number of questionnaires sent out 
Number of replies received 


Number giving Engineering Physics (based upon interpretation of respective 
department heads) as follows under each name: 


Engineering Physics 
Engineering and Physics 
Applied Physics 
Industrial Physics 

B.S. in Physics 


Number not giving Engineering Physics 
Contemplating in near future 


Interested and possibly contemplating later 


Interested but not contemplating 
Not interested 


In addition to the above but not giving any physics degree 


Number of replies from institutions not giving degrees in physics 
Number of “No” replies from degree granting institutions 


Compared with 
Number of “Yes” replies as noted above 


Number replying but not answering questions 


In table III are listed the institutions 
which have indicated on the question- 
naire that literature is available de- 
scribing the offering in Engineering 
Physics. 


CoNCLUSIONS 


It is concluded by the committee 
that many institutions which grant a 
degree in physics give a degree in En- 
gineering Physics according to the defi- 
nition of Engineering Physics in para- 
graph one of the letter sent out. This 


is based upon 46 “yes” answers com- 


pared with 55 “no” answers. It, also, 
is concluded that there is considerable 
interest in Engineering Physics as in- 
dicated by the additional 23 institu- 
tions contemplating such a curriculum 
‘0 the near future, and the added fact 
that such a large percentage of institu- 
tions replied to the questionnaire. 
More than half of the institutions re- 
sponding are either granting the degree 


or are contemplating it in the near 
future. This represents appreciably 
more than one third of the institutions 
having institutional membership in 
S.P.E.E. 

There is the further inescapable con- 
clusion that a very large fraction of the 
institutions granting such a degree in- 
terprets the curriculum as an inte- 
grated combination of Engineering and 
Physics rather than a major in physics 
with a minor in engineering. Of the 
institutions using the name “Engineer- 
ing Physics” only one disagrees, and in 
this same institution a different name 
would be preferred. Furthermore, the 
curriculum is administered for the most 
part by, the division of Engineering of 
the respective institutions. At one in- 
stitution, the University of Oklahoma, 
there is a School of Engineering 
Physics. 

In view of the information gained 
from this questionnaire, it appears that 
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Engineering Physics is rapidly becom- 
ing an established curriculum in En- 
gineering Colleges. By and large, 
those institutions which already have 
it are very much satisfied, and many in- 


stitutions which do not have it appe 
to be contemplating it. The commi 
tee’s next step should, in all probabil 
be to study the contents of this cu 
riculum in the various institutions. 
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What About Our Faculties? 


By H. P. HAMMOND 
Dean, School of Engineering 
and 
E. A. WALKER 


Head of the Department of Electrical Engineering and Director of the Ordnance Research 
Laboratory. The Pennsylvania State College 


Recently an occasion arose for learn- 
ing the future plans of members of the 
scientific and technical staffs of certain 
emergency war research laboratories. 
Agood many of these men were former 
college teachers of science or engineer- 
ing—some on leaves of absence, others 


under no obligation to return to teach- , 


ing. Each of them was asked to state 
his plans: whether he wished to stay 
in research laboratories or industrial 
work; whether he planned to return 
to teaching ; or whether he desired to 
seek another type of opening. He was 
also asked to give reasons for his plans. 
Response was voluntary. The results 
of these canvasses are interesting. 
ey are summarized below: 

Of the 129 replies to one group of 
inquiries, approximately one-half came 
irom physicists, one-half from engi- 
#reers, and small numbers from mathe- 
maticians and other scientists. Ap- 
proximately two-thirds came from for- 
mer teachers who were at the time in 
var research laboratories and one-third 

om former teachers in industry. 

Of the 129 replies, 61 indicated prob- 
able return to teaching ; 43 definite ex- 
pectation not to return to teaching ; and 

probable non-return to teaching: 
tals 61 returning ; 68 not or probably 
Pt returning. 

The youngest group, instructors and 


assistant professors, showed a larger 
percentage not returning than the older 
group of associate and full professors. 

There was no significant difference 
between the answers of those who 
taught graduate students and those who 
were limited to undergraduate courses. 

The group from industry showed a 
greater percentage not returning to 
teaching than the group in temporary 
war laboratories. The reason for this 
is obvious. 

Many of those who -replied to the 
questionnaire took the opportunity to 
express dissatisfaction with certain as- 
pects of teaching. Many indicated 
that salaries were too low or that.there 
was not enough responsibility or time 
for research. In the group of 43 defi- 
nitely not returning, 21 said the sal- 
aries were too low; 19 said the teaching 
load did not allow enough time for re- 
search ; 6 said that the position required 
too little responsibility ; 4 said they did 
not like teaching. 

A second sampling was obtained 
from groups of former college teachers 
working in three large aircraft com- 
panies.* These responses were secured 
in July and September, 1945. They 


* Messrs. W. E. Beall of Boeing Aircraft 
Company, C. T. Reid of Douglas Aircraft 
Company, Inc., and J. M. Wassall of Lock- 
heed Aircraft Corporation contributed to the 
information and views quoted in this article. 
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are summarized below. 


Company A. —“.. 
quoted in your letter are about what occupations. 


would be expected in any industrial “At least half of them seem to 
laboratory ; that is, not more than one- 
fifth of the former college professors 
would be inclined to return to univer- spite of their fairly frequent expressig 
sity work. We have had a few cases of disappointment in our kind of. 
in which some of our men returned to search, which typically assigns a1 
former college positions, but in most to find a solution to a given des 
of these cases the man had not made problem, rather than giving him af 
out very well in our laboratory and we 


. the results 


WHAT ABOUT OUR FACULTIES 


















It will be them (former college instructors) 
noted that they are in substantial agree- under age 30. This may have 
ment with the responses obtained from _ bearing upon their attitudes express 
the canvass first cited. 


because presumably not many 


were not too unhappy to lose his science. 


services. 


“A number of our best personnel 
have indicated their desire to spend  nitely plan to return to college or 
part time continuing their university versity work) are, in general, the dl 
work in neighboring colleges for the men (in the age bracket of the ft 
purpose of keeping up to date on recent _ties).” 
developments and, usually, to obtain an Company C.—“‘Twenty engine 
We consider that who had been affiliated with a coll 

. the colleges would do well to en- or university participated. The 1 
courage such arrangements. . . 
—“The majority of below: 


advanced degree. 


Company 


Age Group 
20-29 years 


30-39 years 


Over 40 


Number of Engineers 


5 
2 


“Those least inclined to remain 
industry (including a few who 


sults, in broad terms, are tab 


Reactions 


Will not return to teaching because of insufficient 
salary and opportunity for advancement. 


Plan to return at later date. One wants more in- 


dustrial research experience, the other wants his 
specialized experience to qualify him for a 
higher-paying job. 

Has made four applications for teaching jobs; will _ 
accept if the salary is adequate. Liked the ad- 
vantages of individual research in the university. 


Is returning to teaching at first opportunity. 


Likes teaching better than industrial work. 


Do not expect to return to teaching because of in- _ 


sufficient salary. Heavy teaching loads were 
cited as cutting down research time. 

Will not return to teaching. Curriculum lags 5 to 
10 years behind industry. 

Undecided. Salary governing factor. Resent 
Ph.D. ‘‘caste”’ system. 

Will not return because of insufficient salary. One 
preferred the personal freedom of industry. 

Undecided. Salary governing factor. 


Returning. Desires to help in bringing engineer- 


ing curricula up-to-date. 


firmly established in their professig 


in mind continuing on permanently 
work with industry. This is true 


hand to explore broadly in the field; 


. 
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WHAT ABOUT OUR FACULTIES 


A number of important conclusions 
may be drawn from the results of these 
inquiries : 

First, a disconcertingly large propor- 
ion of the former college teachers es- 
pecially among the younger men, plan 
ot to return to teaching. 

It is probable that the groups can- 

ed include a high proportion of the 
bler young men having good academic 
preparation, initiative, and originality. 
tis also probable that they were actu- 
ted by a variety of motives in seeking, 
pr accepting, industrial or scientific re- 
Msearch positions in time of war: the 
desire to be of immediate service in de- 
yloping weapons; uncertainity as to 
the status of college positions in war 
ime; realization of an intention to 
eave teaching previously formed; the 
fdesire to seize the opportunity to se- 
€ practical experience; higher sal- 
y;and others. And it is also possible 
that some of the men would have left 
pollege teaching in any event since 
they may not have been as well adapted 

0 it as to other activities. The fact 
emains, in spite of these qualifications, 
however, that too large a proportion 
of able young men have been lost to the 
eaching profession. 

Second, as would have been antici- 
bated, the higher salaries paid by in- 
dustry and by scientific research labor- 
atories have been one of the chief 
easons which has prompted the deci- 
ion not to return to teaching. 

This basic factor in the entire col- 
tge teaching profession is, in our 
Pinion, one of greatest importance. 

ntil this condition is ameliorated, 

tre are bound to be less effective 
faculties than the importance of higher 
education in a democratic society de- 


‘Prands. 


Third, it is very disconcerting to 
ote the number of instances in which 
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the greater challenge to the man’s abil- 
ity, the greater rewards offered for it, 
and the more advantageous conditions 
of working in non-collegiate environ- 
ment have influenced decisions not to 
return to teaching. 

In the authors’ observation, the fail- 
ure of many teaching positions ade- 
quately to challenge able young men’s 
abilities or to provide conditions under 
which they may develop themselves for 
greater responsibilities is a most seri- 
ous criticism of prevailing conditions 
in a large sector of education in science 
and engineering. Higher salaries with- 
out incentives for constructive effort 
beyond satisfaction of routine class- 
room requirements will probably not 
go far toward developing outstanding 
faculties and research staffs. 

The evidence here presented and its 
discussion are not new, but they are 
closely related to problems of faculty 
rehabilitation which are extremely 
acute at present. Demands on the 
services of the colleges and universities 
is far beyond estimates. And this de- 
mand seems destined to continue even 
after the early post-war peak. There is 
a pronounced shift of students toward 
science and engineering. War develop- 
ments have so greatly accelerated sci- 
entific discoveries and their application 
that the need for scientists and engi- 
neers will doubtless remain perma- 
nently above pre-war levels. At the 
same time, we are entering the post- 
war era of educational demand and in- 
dustrial need with faculties seriously in 
need of rehabilitation. In the authors’ 
institution the engineering faculty is 
still about 12 per cent below normal in 
numbers. 

Furthermore, institutions are de- 
prived of the usual sources of recruit- 
ment of promising young men just at 
the time when they are most needed in 
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order to infuse new blood into faculty 
groups. The situation portrayed earl- 
ier in which it is clear that a discon- 
certingly large fraction of the abler 
young teachers will not return to teach- 
ing is an important phase of the prob- 
lem. Faculty groups now have a seri- 
ously unbalanced age distribution. This 
still further aggravates budgetary prob- 
lems. In sum, the seriousness of the 
faculty problem can scarcely be over- 
stated. 

Where can we look to find solutions 
to this problem? In its broader as- 
pects the solution must be found ulti- 
mately in a changed attitude of the 
American public toward higher educa- 
tion in general and to education for the 
professions in particular. Either the 
concept of the number of persons who 
should pursue higher education must 
change to smaller proportions or much 
more adequate financial support must 
be provided with the purpose of main- 
taining faculties of adequate numbers 
and qualifications. That the first of 
these alternatives will come to pass is 
scarcely conceivable in view of our 
American philosophy in relation to edu- 
cation. It is of most vital importance, 
therefore, that the second alternative 
be faced squarely on a nation-wide 
basis. 

Second, and more immediately under 
our control, means must be found to 
challenge the initiative and capacity of 


‘culties in sight great discriminatidl 


our abler young teachers through goof 
administrative leadership, opportuni 
ties for research and other origin 
work, and through adequate 


_ prompt recognition of achievement, [DISCUSS 


There are other aspects of the mat 
ter, however, than those just mep fc 
tioned. The immediate question js 
how can we find quickly sufficient 
reasonably well qualified men to me 
the present emergency. There 
to be two chief sources in sight; gopgeNGINEER! 
ernment (including the armed 0 write j 
and government research laboratories)g!ie essenc 
and industry. If these two groupgeussion hir 
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a Your article which appeared in the 
seenfNovember issue of THE JOURNAL OF 
ENGINEERING EDUCATION prompts me 
icato write you a congratulatory note. 
Whe essence of your well written dis- 
cussion hinges about the seemingly im- 


sapportant, haughty attitude which teach- 


they fe often develop unless they are tem- 
sregggpered by industry. After one has been 
e epn industry for ten or more years and 
7 goes to the teaching profession 
yhat a shock he gets to note the nar- 
ow views and lack of practical knowl- 


CHET, 


r et 
ly apetge which teachers of engineering 
g appiten possess. If only the spirit of co- 


spperation would prevail among teach- 
tiom#e'S a8 it does among engineers in in- 
> ade. Hust ! 

i (think, too, that prospective teach- 
rs should have at least six years of in- 
lustrial experience before they begin. 
A cooperative graduate program offers 
he best preparation to my belief. A 
lan with industry as you propose of- 
:#es a means whereby teachers can keep 
beast of commercial developments. 
spre whole difficulty, of course, lies in 
he willingness of industry to accept 
loss in this teacher training program. 
#% results would come in obtaining 
tier students by industry to over- 
me the initial loss. A teacher could 
it hope to repay a company for this 


fe 


for the Teacher Industry’s Opportunity.” 


training in the short span of a sum- 
mer’s vacation period. But if con- 
tinued over a period of years the tide 
might be turned. 

The Company with whom I am as- 
sociated is organizing a cooperative 
scheme with engineering schools for 
the development of students of the 
undergraduate as well as the graduate 
level. It is realized that this contact 
with industry answers the problems 
and it offers incentive to the student. 
Applications of theory in industry, 
contact with practising engineers, op- 
portunity to see how things are done 
and development of a cooperative spirit 
appeal to the student. He realizes that 
industry plans for replacements in key 
positions. Each man has an under- 
study, no one is irreplaceable. A 
teacher training program could be 
carried out similarly. Colleges and 
Universities should grant leaves of ab- 
sences to those who have not been sea- 
soned by industry recently. It can be 
done to the mutual benefit of all. 

I wish that more directors of engi- 
neering departments in schools would 
be imbued with your ideas. 

M. L. MANNING, 
Chief Engineer, 
Kuhlman Electric Co., 
Bay City, Michigan 
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Training Within Industry 


Training Within Industry, whose 
five-year existence makes it one of the 
oldest wartime government agencies, 
has issued a narrative account of its 
work with more than 16,000 war plants 
and services which resulted in the 
awarding of more than 1,750,000 cer- 
tificates to supervisors. The TWI re- 
port tells the story of how the organ- 
ization was set up, how its programs 
were developed and operated, how the 
plant managers had to be sold on using 
the techniques, the mistakes that were 
made and the improvements that 
evolved, the results that came about, 
in a 300-page account of what TWI 
itself learned about in-plant training 
as a production tool. 

It attempts to give, in impersonal 
form, a frank, factual and human ac- 
count of the narrative story of the days 
in which it contributed to the produc- 
tion of war goods and services through 
management techniques for showing 
supervisors how to get skilled work 
from inexperienced people quickly, and 
labored incessantly to convince man- 
agement that the training of men is a 
major function of management. The 
account is drawn from operating rec- 
ords which are now in the National 
Archives. It is available through the 
U. S. Superintendent of Documents at 
a cost of 50 cents a copy or 371% cents 
for orders of 100 or more copies. 

TWI’s history covers the period 
from the Fall of France in 1940 to V-J 
Day. The same leaders directed its 
work throughout—C. R. Dooley, Di- 
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rector; Walter Dietz, the As ociate§ built saec: 
Director ; and two Assistant Dicectors § largely:’ by 
M. J. Kane and William Conover § jon atten: 
The TWI organization was made uJ: 

of industrial people, many of whom re} 
mained on their companies’ payrolls, 
Its staff of 400 people were located in 
21 district offices throughout the United 
States, and one district office in th 
Hawaiian Islands. 

The TWI organization was starte. 
under first the National Defense Ad 
visory Commission and later trans+ 
ferred to the Office of Production Man- 
agement, then to the War Production 
Board, then to the Federal Security 
Agency, and in 1942 to the War Mar 
power Commission. TWI’s service t 
war plants concluded after V-J Day 
at the same time that WMC w: 
abolished. In all of its various offic 
throughout the country TWI used thf» 
part-time assistance of many com: 
men in the development and extensiorj: 
of its supervisory training programs-}- 
Job Instruction, Job Methods, Job Ref 
lations, and in its program for plat 
training directors. Labor advisers af: 
sisted in the adaptation of the Unio 
Job Relations program to labor union. 

TWI became widely known for i 
4-step method (printed on 
cards) which formed the backbone 
the programs. Each was devel 
along a common pattern—first, d 
stration of the particular 4-step m 
then individual practice in use of th 
method by each member on one of hif 
own problems. 

Results of the TWI programs 


co 





452 








TRAINING WITHIN INDUSTRY 453 


concrete and measurable—they ranged 
from a monthly saving of $300 in pork 
trimmings at a small packing plant to 
the spectacular ones like the saving of 
three-quarters of a million dollars on 
the construction of one ship. These 
resultsi took place in huge new plants 
built saecially for the war and manned 
largely by ribbon-clerks and gas sta- 
jon attendants, in old established plants 


where capacity and output had to be 
multiplied, in small specialized plants, 
and even in hospitals in crowded war 
centers. The TWI programs were 
adopted by the Army Service Forces, 
by several government agencies, by the 
governments of Great Britain and 
Canada. They have spread to many 
other countries by the subsidiaries of 
American companies. 











Training Within Industry Foundation 


The Training Within Industry 
Foundation has been incorporated in 


New Jersey as a non-profit organiza- 


tion which will carry on the research 
work of the war-time, government 
T.W.I. service, whose directors are 
‘now the trustees of the Foundation. 

C. R. Dooley, who was loaned to the 
government from 1940 to 1945 by the 
Socony Vacuum Oil Company of 
which he was industrial relations man- 
age, is the director of the Foundation 
and heads the staff at its headquarters 
in Summit, New Jersey. Walter 
Dietz, borrowed during war-time from 
the position of personnel relations man- 
ager of the Western Electric Company, 
is assistant director of the new group, 
the same position he held in the gov- 
ernment T.W.I.service. William Con- 
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The Foundation is being support 
by member companies which have 
extensive use of the T.W.I. progra 
of Job Instruction, Job Methods, 
Relations, and Program Develop 
The first research of the Foundation 
dealing with the use of these means gy Sod 
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FIRST ANGLE PROJECTION 


Orthographic projection is the interna- 
ional language of the engineering field. 
ortem [tus it behooves us as teachers to consider 
the proposition of teaching our engineering 
aE tudents to read the language regardless of 
where the drawing on which it is used origi- 
ated. Though the individual views are the 
Bsame in all countries, the shifting of the 
views may cause the American engineer con- 
siderable difficulty if he is not aware of the 
‘iat. The minor obstacle of reading the 
notes written in a native tongue is easily 
uwmounted with the aid of a foreign lan- 
jngmguage dictionary. 

First angle projection is used by almost 
ery industrial concern in the world except 
those in the United States and Canada and 
bout one-half of the concerns in England. 
though we in the United States use third 
Mmangle projection exclusively, there are many 
easons why first angle projection, as well 
s third angle projection should be taught 
n this country. The primary reasons are: 
1. Most large and some small industrial 
roncerns regularly receive foreign drawings 
n connection with their international deal- 


2 Progressive engineers read foreign tech- 
ical literature. 

3. Our drawings used in advertising litera- 
wre, instruction books, etc., need to 
hanged to first angle projection for use in 
reign countries. 

4. Some engineering graduates go to for- 
‘ign countries as employees of American or 
oreign concerns. 

5. Foreign students enrolled in U. S. engi- 
ering schools should learn here how to 
tad the drawings of their own countries. 
The wide international use of first angle 
ojection, as well as the reasons enumerated 
bo commands the American drawing 
tachers to give serious thought to making 
a part of their courses. 


STUDENT MATERIAL AND 
COURSE OUTLINE 
DISPLAY 


There will be a Summer School for Engi- 
‘Pecring Drawing Teachers at Washington 
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Officers DEVOTED TO THE INTERESTS Officers 
S— oF ENGINEERING DrawING . ? 
| L. Hi " W._E. Srreer 
F, A, HEacock H. E. Grant, Editor . N. ARnoip 
G. M. PHELPs 5 ‘ nyAt 3 . M. Woop 

The University of Wisconsin in Milwaukee . E. Grant 


ie St. Louis, Missouri, June 18-28, 


All colleges and universities are requested © 
to bring or send to the Drawing Teachers 
Summer School, bound copies of the work 
done in their school, in all drawing courses 
during the current or immediate past few 
years. These firmly bound folders should 
preferably include course outlines, student 
work of all problem material and examina- 
tions. The student work need not be selected 
for excellence, but merely to show a cross 
section of the average work and possibly 
may be from different students. All of your 
courses in drawing and descriptive geometry 
should be exhibited so that we may have a 
complete and large display. All sheets 
should be bound together in order of pre- ' 
sentation so that sequence may be observed 
by those viewing them. They should be 
plainly marked on the outside cover as to 
School, Course, Credit Hours, and Clock 
Hours per Quarter or Semester. These will 
be displayed on tables and not mounted on 
walls because of lack of space. 


Bring or send all display material to: 
Professor R. W. Bockhorst 
Department of Applied Mathematics 
Washington University 
St. Louis 5, Missouri 


At the end of the Summer School this 
material is to be picked up by the various 
school representatives or returned by ex- 
press collect to the schools who have not 
taken up their display. 

The object of holding such a display is to 
acquaint the members of the drawing divi- 
sion with the work that is being done 
throughout the country. 


IT IS ENTIRELY INSTRUCTIVE 
AND NOT COMPETITIVE. 


Committee on Student Display : 
F 


‘ ‘ORTER 
W. E. Street 
J. M. Russ 


R. W. BockHorst 
R. S. PAFFENBARGER, Chairman 
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Engineers’ Council for Professional Development 


At the annual meeting of Engineers’ 
Council for Professional Development, 
October 19-20, 1945, the following 
resolution was unanimously adopted, 
and sent to the Honorable John W. 
Snyder, Director of War Mobilization 
and Reconversion : 


WHEREAs national security and public 
welfare are dependent upon and vitally 
affected by the quality of scientific, 
engineering and technological research, 
both fundamental and applied; 
WuHereas fundamental and applied re- 
search are entirely dependent upon an 
ample supply of trained and experi- 
enced manpower ; 

Wuereas the ranks of scientists and 
engineers have been seriously depleted 
since 1941 by the requirements of mili- 
tary service; 

WuHereEAs the normal flow of students 
into the colleges and the engineering, 
technical, and graduate schools has al- 
most completely ceased during the 
period from 1941 to 1945; 

WuHereas the alarming deficit in highly 
trained technical personnel will be 
further increased if Selective Service 
is continued without full recognition of 
the fact that technical personnel is as 
vital to national security and welfare 
as military personnel ; 

Wuereas the acute shortage of scien- 
tific and engineering personnel in the 
colleges, in government agencies and 
in industry must be immediately allevi- 
ated in the national interest; 

Wuereas full cooperation of the legis- 
lative and executive branches of the 
Federal Government is essential, not 
only in the implemention of this emer- 
gency program which is designed to cor- 
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rect the deficit (now estimated at ap 

proximately 150,000) of scientific and 

technical students, but also in assuring 

a future supply of trained manpower, 

adequate in numbers and in skill % 

meet the involved problems of nation 

reconversion, progress, welfare, and 

security. 

THEREFORE BE It RESOLVED 

(1) that deferment procedures fo 
those in scientific and engineer 
ing training at graduate and 
undergraduate levels and aly 
for those in scientific and engi 
neering occupations in industry 
and in professional pursuits, it 
cluding teaching, be reestab 
lished. 
(2) that those whose engineering 

education was interrupted 


entrance into the Service hk 


given the option of discharg 
to civilian status to complet 
their professionali engineeril 
training. 
(3) that every effort be made tot 
lease from the Service 
men who have completed 
professional engineering 
ing in order that they may 
immediately available to 1 
the critical shortage existing 
the engineering profession. 
(4) that to enable men to complé 

their engineering training 
ferment be granted to those 
dents who have not yet fini 
preparatory school but 
been accepted by an accr 
engineering college. 

THEREFORE Be It FurtHER ReEsou 

that the imperative and immediate 

of replenishing scientific and engi 
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ing man power be called to the atten- 
tion of the President and the Congress. 
Be Ir FurrHer REeEsSoLvep that the 
President be asked to take prompt steps 
through the Selective Service procedure 


ENGINEERS’ COUNCIL FOR PROFESSIONAL DEVELOPMENT 
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to insure a flow of scientific and engi- 
neering personnel through the colleges 
and the engineering, technical and 
graduate schools adequate to national 
security and the public welfare. 


The Engineers’ Council for Professional Development represents seven par- 
ticipating engineering societies in the United States, as follows: 


American Society of Civil Engineers 


—21,100 members 


American Institute of Mining and Metallurgical Engineers—12,600 members 


The American Society of Mechanical Engineers 


American Institute of Electrical Engineers 


Society for the Promotion of Engineering Education 


American Institute of Chemical Engineers 


National Council of State Boards of Engineering Examiners— 


—20,060 members 
—24,526 members 
— 3,922 members and 162 in- 
stitutional members 
— 5,788 members 
50 member boards re- 
porting over 78,000 
registered engineers 


We at this time present this resolution to you in order that the action of the 
ECPD in this important subject, which is of greatest interest, may serve you at 


this most important moment. 


The following reply has been re- 
ceived : 


Dear Mr. Lee: 

Mr. Snyder has referred to me your 
letter of January 18, relating to defer- 
ment and demobilization policies as 
they affect scientific and engineering 
personnel. 

At the request of this office, the 
Selectice Service System has agreed 
to give special consideration to the de- 
ferment of scientists and engineers. A 
copy of the Selective Service regula- 
tion establishing this policy is attached. 
Selective release of highly qualified 


Very truly your 
Everett S. Lee, 
Chairman 


personnel essential for reconversion ac- 
tivities is now under discussion with 
the War and Navy Departments. 

We appreciate receiving a copy of 
your recent resolution, and assure you 
that we are keenly aware of the neces- 
sity of expanding the group of highly 
qualified technical personnel whose 
work is so important to reconversion 
and to research in the physical sciences. 

Very truly yours 
S. J. Donatp KIncstey, 
Director for Manpower 
Office of War Mobilization 
and Reconversion, Washing- 
ton, D. C. 









Necrology 


George Frederick Eckhard, Dean of 
the College of Engineering at the Uni- 
versity of Vermont, died at his home 
in Burlington on December 28, 1945, 
after an illness of several months. He 
was born on November 21, 1878, in 
Waverly, Iowa, the son of George and 
Katherine Eckhard. He was educated 
in the public schools of Cedar Falls, 
Iowa, attended the Iowa State Teach- 
ers College, from which he received the 
degree Master of Didactics in 1900, 
and received from the State University 
of Iowa the degree B.S. in Civil En- 
gineering in 1905 and the professional 
degree of Civil Engineer in 1910. 

Dean Eckhard was a man of broad 
professional experience which made 
him eminently qualified as an educator 
and administrator. He was employed 
by the Cuba Eastern Railway in 1905, 
from 1907 to 1909 was professor of 
civil engineering at the New Mexico 
School of Mines and during the same 
period held the position of City Engi- 
neer of Socorro, New Mexico, and was 
United States Mineral Surveyor for 
the State. From 1909 to 1912 Dean 
Eckhard was professor of civil engi- 
neering at James Millikin University ; 
and from 1912 to 1915, at the Penn- 


sylvania State College. He joined the 
faculty of the University of Vermont 
as professor of structural engineéring 
in 1915 and became Dean of the Col 
lege of Engineering in 1932. Under 
his direction and largely through his 
efforts the facilities of the College of 
Engineering of the University were 
expanded to their present level. 

Dean Eckhard was very active in 
civic and state affairs, having served 
for twenty years as street commissioner 
of the City of Burlington ; and as presi- 
dent of the Vermont Society of Engi- 
neers in 1932. He was active in spon- 
soring the law for the licensing of pro- 
fessional engineers in the State of Ver- 
mont and was chairman of the Board 
of Registration for Professional Engi- 
neers at the time of his death. He was 
a member of the College Street Con 
gregational Church of Burlington and 
active in church affairs. 

His professional affiliations included 
the Society of the Sigma Xi, American 
Society of Civil Engineers, Society for 
the Promotion of Engineering Educa- 
tion of which he was a member of the 
Council for three years, Vermont So 
ciety of Engineers, and the American 
Academy for the Advancement of 
Science. 
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College Notes 


Dr. Ben H. Parker, vice-president of 
the Frontier Refining Company for the 
past two years and prominent in min- 
ing and petroleum industry circles in 
Colorado and the West, has. been 
named president of the Colorado 
School of Mines to succeed Dr. M. 
F. Coolbaugh, whose retirement was 
announced in October. Dr. Parker 
assumed his new duties January 1. 

He was born in Oklahoma City No- 
vember 3, 1902. He graduated from 
the Colorado School of Mines with the 
degree of engineer of mines in 1924 
and received the doctor of science de- 
gree from that institution in 1934. 

He was a member of the faculty as 
associate professor of geological engi- 
neering from 1933 to 1943 except for 
the school year 1939-40, when he was 
on leave of absence to serve as assistant 
chief geviogist for the Argentine gov- 
ernment oil fields, with headquarters in 
Buenos Aires. While a member of the 
faculty at the School of Mines, he was 
aso institutional representative for the 
school for the Engineering, Science 
and Management War Training pro- 
gram and was armed forces representa- 
tive during the Army Student Train- 
ing program. 

From 1924 to 1931 he was actively 
engaged as petroleum geologist in 
Oklahoma, New Mexico, Utah, Wy- 
oming, Kansas, South Dakota, Texas 
and Colorado for the Marland Oil 
Company, the Gulf Oil Corporation 
and E. W. Marland, Inc. He has also 
been part owner and operator of mines 
in Clear Creek, Golpin and Summit 


counties, Colorado, and a member of 
the firm Parker and Boyd, consulting 
mining engineers, as well as an officer 
and director in several mining and 
petroleum production organizations. 


Iowa State College.—Charles M. 
Dodd, who for the past three and a half 
years has been Acting Engineering 
Personnel Officer, returned to his regu- 
lar position as head of the Ceramic 
Engineering Department on November 
first of last year. In addition to his 
duties as Engineering Personnel Of- 
ficer, Professor Dodd served as Armed 
Services Representative and Educa- 
tional Coordinator of the Navy V-12 
program at Iowa State College. 

Andrew L. Johnson has been ap- 
pointed as Research Associate Pro- 
fessor of Ceramic Engineering and as- 
sumed his duties at Iowa State College 
on January second. Dr. Johnson was 
formerly with the Massachusets In- 
stitute of Technology as assistant pro- 
fessor of ceramics. 

Harry J. Beckemeyer, who has been 
on leave with the Navy in the South 
Pacific for the past twenty-one months, 
has returned to Iowa State College to 
resume his duties as Instructor in the 
Department of Ceramic Engineering. 


University of Michigan—A new 
four-year curriculum in Mechanical 
and Industrial Engineering will be of- 
fered by the College of Engineering, 
effective with the start of the Spring 
Term on March 4. 

The new curriculum, which replaces 
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a five-year program, will lead to a de- 
gree of Bachelor of Science in Engi- 
neering (Industrial-Mechanical). The 
five-year program was based on the 
requirement of 140 hours of under- 
graduate work for the degree of Bache- 
lor of Science in Engineering (me- 
chanical engineering) and 24 hours of 
graduate work for the degree of Mas- 
ter of Science in Industrial Engineer- 
ing. 

No change has been made in the 
basic requirements for the new four- 
year curriculum and 140 hours of un- 
dergraduate work will be required for 
the degree. It is felt that a student 
who wishes to take further work in the 
industrial field will find no difficulty in 
selecting courses to suit his require- 
ments, 


Michigan College of Mining and 
Technology.—tThe reconversion 
period finds the college already much 
expanded in activities and physical 
plant, planning additional expansion, 
and on the way back toward its pre- 
war enrollment of approximately a 
thousand students. 

Registration this past fall term was 
42 women and 337 men, including 
about 150 war veterans. 

The general engineering degree has 
been dropped, and new degrees have 
been authorized in physics and in en- 
gineering physics. These changes 
mean that the college is offering under- 
* graduate degrees in nine branches of 
engineering and in four branches of 
science. The most popular option 


- tunder General Science is that in medi- 


cal technology. Students take three 
years on campus, and the fourth year 
at an accredited hospital or Michigan 
State Health Department laboratory 
where they serve what amounts to a 
practical apprenticeship under certi- 
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fied, professional medical technologists, 

The department of mining engineer- 
ing, civil engineering, and economics 
has been divided into three depart 
ments. The new head of the mining 
engineering department is Prof. J. 
Murray Riddell, an alumnus of the col- 
lege who has had extensive mining ex- 
perience as operator, executive, and 
consultant and in research. The new 
civil engineering head is Prof. (for- 
merly Assoc. Prof.) W. C. Polking- 
horne, member of the staff since 192], 
who received his academic training at 
M.C.M.T. and at Yale University, 
The economics section has been ex 
panded into the department of engi- 
neering administration, under Assoc. 
Prof. E. J. Townsend, alumnus and 
member of the faculty since 1931. En 
gineering administration embraces not 
only economics but personnel adminis- 
tration, industrial psychology, indus- 
trial sociology, and American govern 
ment and politics. 

All departments have examined and 
revised their curricula. In doing s9, 
many have been able to meet or ap 
proach the recommendations of the So 
ciety for the Promotion of Engineering 
Education relative to an increase in the 
amount of time and attention devoted 
to the “humanistic-social stem.” The 
establishment of the engineering aé 


ministration department is in line with 


this trend. Also relevant is an increase 
in the number of undergraduate hours 
to be devoted to speech and writing, 
and the authorization of an elementary 
course in Portuguese to complement 
the offerings in Spanish, French, and 
German. 

Other changes in the undergraduatt 
courses include the offering of t€ 
fresher work for war veterans and 
others whose engineering education 
was interrupted by the war, and @ 
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modernization courses to bring such 
men and women up to date on the lat- 
est developments. 

The college has increased its em- 
phasis on graduate work, revised some- 
what the sequences of M.S. courses in 
the various engineering and scientific 
fields, and tied in its graduate research 
projects more tightly both with its in- 
dustrial research and likewise with the 
numerous investigations which the col- 
lege pursues as a State agency collabo- 
rating with the State Planning Com- 
mission and similar bodies. 

One aspect of postwar planning is 
the recent establishment of M.C.M.T. 
of a Forest Products and Timber In- 
dustries Institute. This division con- 
ducts research ; gathers, interprets, and 
disseminates information; and also 
operates a Practical Woods Industries 
School of thirty-three weeks to train 
men for semi-technical jobs in the 
woods and mills. Such men spend 
three-fifths of their study time in the 
woods, living at a camp about fifty 
miles from Houghton. This is one of 
a number of terminal courses offered 
by the college for men and women 
seeking intensive practical training that 
does not lead to a degree. Among 
other terminal courses offered or 
scheduled are drafting, machine draw- 
ing and shops, surveying, assaying, 
chemistry, and business training. 


A second major aspect of State plan- 


ning is a joint research project on im- 
provement of the forest and woods in- 
dustries, with the Michigan College of 
Mining and Technology, the Univer- 
sity of Michigan, and Michigan State 
College collaborating. Funds are pro- 
vided by a State grant. 

Faculty members who have recently 
returned from the armed forces include 
Assoc. Profs. R. W. Drier, metallurgy, 
and B. B. Bennett, languages; Messrs. 
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Edward Maki, physical training; 
Chester Pratt and Thomas Vichich, 
mathematics; and Franz Schubert, di- 
rector of music. Assoc. Profs. H. W. 
Risteen, mechanical engineering, and 
Jerry Service, physics, are expected to 
return soon. The former is a captain 
and the latter a commander in the U.S. 
N.R. Assoc. Prof. C.G. Stipe, mathe- 
matics, is on leave teaching at Shriven- 
ham American University. 

Buildings recently added to the plant 
by construction, purchase, or lease total 
nine. One is a Special Shops Train- 
ing building. Four are dormitories 
housing from twenty to fifty students 
each. One is a Health Service Center, 
one a classroom and office building for 
the departments of forestry and mili- 
tary science, another a cafeteria capable 
of handling 200 persons at a time, and 
the largest is the James R. Dee Sta- 
dium. This is a winter sports building 
with a large hockey rink, bleachers for 
1,100 spectators, and change and locker 
rooms. The most extensive asquisi- 
tion is the Michigan Tech. nine-hole 
golf course, totaling 55 acres. It has 
a sizeable, well-appointed clubhouse. 

These additions to the physical plant 
will be further increased soon by a new 
Central Heating building and a physi- 
cal Training building, for which funds 
have been appropriated by the legisla- 
ture. 

The college has increased its em- 
phasis on lyceum as well as industrial 
lectures and on motion pictures, panel 
discussions, informational and personal 
reading, and the like. Part of the pro- 
gram involves closer correlation of stu- 
dent and faculty activities—the S.P. 
E.E. branch playing a considerable role 
—and the broadening of the scope of 
the student advisory program, which 
is now restricted largely to academic 
matters. 





Physics 


The Executive Committee of the 
Physics Division met in New York 
City February 1-2 at the time of the 
meeting of the American Physical So- 
ciety and the American Association of 
Physics Teachers. Plans were dis- 
cussed for the annual meeting, which 
will also be the occasion for the sum- 
mer meeting of AAPT. The program 
chairman of AAPT, Paul Kirkpatrick 
of Stanford University, and your chair- 
man are working on a program which 


Column 


should eclipse anything which has been 
offered in the joint activity of the two 
organizations. 

Attention of members of the Divi- 
sion is called to the Report of the Com- 
mittee on Curricula in Engineering 
Physics, which appears in this issue of 
THE JourNaAL. The trends indicated 
in this report merit the attention of ad- 
ministrators of engineering education. 

James G. Porter, 
Chairman 





CASE SCHOOL OF APPLIED 
SCIENCE has announced the follow- 
ing new appointments to its faculty to 
take effect at the start of the new term 
on March 4, 1946: Oscar Hoffman, 
Associate Professor of Civil Engineer- 
ing; F. L. Taft, Assistant Professor in 
English; John B. Scalzi, Assistant Pro- 
fessor of Structural Engineering ; Rob- 
ert C. Weast, Assistant Professor of 
Chemistry; Haro!d K. Crowder, In- 
structor of Mathematics; W. F. Dow- 
ney, Instructor in Chemistry and 


Chemical Engineering; C. J. Kessler, 
Instructor in Engineering Drawing; 
Robert L. Maxwell, Instructor in Me- 
chanical Engineering; A. R. Pray, In- 
structor in Chemistry ; David M. Rein, 
Instructor in English; Robert Strough, 
Instructor in Physics; William Vais- 
man, Instructor in Mathematics ; David 
D. Van Horn, Instructor in Physics; 
William Baldwin, Special Lecturer in 
Metallurgy; G. P. Kerr, Special Lec- 
turer in Physics. 
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The Qualities of a Profession—Endless Horizons* 


THE ENGINEERING PROFESSION 


But our principal concern here is the 
engineering profession, and we inquire, 
what is the engineering profession; is 
it a profession at all; and if it is, will 
it develop into the full stature to which 
the importance of its work entitles it 
to aspire? 

It is relatively young. The military 
engineer appeared in the first steps of 
mechanization of warfare, when forts 
began to take shape. His counterpart 
in peaceful affairs was called a civil 
engineer. With the industrial revolu- 
tion, and especially with the spread of 
mechanization from the factory into 
every walk of life, engineering became 


exceedingly diversified. Applying sci- . 


ence in an economic manner to the 
needs of mankind is its broad field. Its 
disciplines are spread over all the sci- 
ences as they become thus applied, and 
embrace also portions of economics, 
law, and business practice which are 
integral parts of the process of applica- 
tion. It is somewhat loosely organized 
as professions go. To a minor extent 
only, it limits its numbers ; but the very 
strictness of its essential disciplines 
provides some selection of its neo- 
phytes. Until recently it has done very 
little in an organized fashion to in- 
culcate in its younger members the 
philosophy of the profession, leaving 
this largely to those of its individuals 
who are also members of the teaching 


* Reprinted, with permission, from “End- 


less Horizons,” a book by Vannevar Bush, 
published by Public Affairs Press of Wash- 
ington, D. C., pages 137-145. 


profession. That branch which repre- 
sents the consultant, and others to a 
degree, has drawn codes; but there is 
no body of codified principles which is 
accepted and applied by the profession 
as a whole. It has no highly distinct 
language or jargon, for it must con- 
tinuously work with laymen. 

These are, however, incidentals. 
The important point is this: Does it 
have a central theme of ministering to 
the people? Most certainly it serves 
the public in myriad ways, but are its 
individual members activated primarily 
by the professional spirit of dignified 
and authoritative counsel and guid- 
ance ? 


Tue Bustness PROFESSION 


In order properly to inquire into this 
weighty question, we need to digress 
a moment to consider another large 
group of the population, the modern 
men of business who have derived from 
the ancient traders and merchants. 
The merchant class has not usually 
been a professional grouping in the 
true sense ; and engineering, which has 
derived its philosophy from this source 
as well as from science, naturally par- 
takes of the heritage of both groups. 
Business has served the public, of 
course, but its main theme has been the 
profit motive, a salutary objective when 
restricted by law to the use of ethical 
procedures in its pursuit, but not a pro- 
fessional objective. 

One of the most encouraging signs 
of the times is the gradual, emergence 
in our day of the truly professional 
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man of business. Scattered, not organ- 
ized, with no sign of professional trap- 
pings, they are nonetheless possessed 
of a high mission, which needs only 
formulation and recognition in order 
that they may constitute a new and 
strong profession. This is occurring 
for one reason because of a gradual 
change in corporate form. The owner- 
manager was activated by the profit 
motive, and no amount of paternalism 
could wholly alter his position in the 
social theme. Even with corporations, 
the ownership of which is widely scat- 
tered, the manager is ordinarily con- 
trolled by and primarily responsible to 
a few powerful owners, so that he in 
essence still represents the interest of 
the owners in his relations with the 
three bodies with which he deals: the 
government, the employees, and the 
consuming public. It is his difficult 
task to reap for the owners’ benefit the 
fruits of his industrial operation, while 
maintaining at least tolerance on the 
part of the other bodies. But there 
are some corporations in which owner- 
ship is so diffused that the management 
becomes in. effect a self-perpetuating 
entity, partaking therefore of the na- 
ture of a trusteeship, with equally 
weighed obligations and responsibili- 
ties to all four bodies: owners, em- 
ployees, government, and consumers. 
Among such managing groups will be 
found individuals who have the pro- 
fessional philosophy in high degree, 
conducting their affairs for the just and 
equitable benefit of all four groups con- 
cerned, maintaining the health and 
progress of their institutions as potent 
agencies for ministration to the needs 
of the people. They find common 


ground with the trustees of great 
foundations, of hospitals, and all non- 
profit organizations devoted to the pub- 
lic welfare. They find common ground 
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also with many of those who make a 
career of the business of government, 
Their ranks are recruited by many in 
the ordinary walks of business who 
have seen a light and envisioned a fune- 
tion of life which is higher in its satis- 
factions than the struggle of any body 
against any other; namely, a struggle 
with all bodies to preserve an ideal, 
Out of this trend, as competition for 
industrial existence becomes tempered, 
should emerge a new profession with 
its own traditions and beliefs, which is 
capable of managing prosperity so that 
it will be conducive to the health of a 
nation; and there is grave question 
whether this objective can be attained 
in any other way. I wish there were 
a special order of knighthood in this 
country to honor and unite those who 
are now blazing the difficult path and 
developing the novel philosophy of this 
new profession. 

Engineering, however, derived jointly 


, from the quiet cloisters of science and 


from the turmoil and strife of aggres- 
sive business, and it is no wonder, 
therefore, that it should wobble a bit 
as it seeks to evolve its own profes- 
sional philosophy. Just as it is not 
reasonable to expect the young neo- 
phyte to grasp at once the idealism of 
his calling, so it is perhaps not reason- 
able to expect a profession which is so 
young and which has grown so fast to 
have found itself in this regard. 


Entrance into a Profession 


The period of initiation into any pro- 
fession should extend into maturity. 
Only when members reached the full 
bloom of manhood did the ancient 
orders entrust the mysteries to theif 
care. The young neophyte served his 
apprenticeship under constant tutelage 
and close guidance by mature minds, 
and this we still find in every profes- 
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sion. As apprentice, as employee, he 
js called upon to prove himself before 
he enters into that relationship where 
his opinions are controlling in his 
special field, and some there are who 
never emerge from close control and 
the mere exercise of technical pro- 
ficiency. In the engineering profes- 
sion this emergence usually is circum- 
scribed by the fact that most engineers 
operate as members of industrial or- 
ganizations of one sort or another, and 
the fact that they serve their appren- 
ticeship in this same sort of organiza- 
tion and come to devote their entire 
efforts to its affairs, rather than to 
enter them after professional recogni- 
tion elsewhere, as is usually the case 
with medical or legal individuals. This, 
however, merely emphasizes the need 
for better supervision of the neophytes 
by the members of the engineering pro- 
fession who have arrived. It is not 
enough to leave their training to the 
industrial organizations of which they 
are junior members. Inculcation of 
the principles of the profession can 
come only from those who themselves 
have attained to a full grasp of its 
proper function in society, who have 
arrived at a balanced judgment as to 
its responsibility to the several group- 
ings of which society is composed, and 
who have a professional interest in the 
young men who are destined to suc- 
ceed them in the profession. Every 
profession should have its secrets and 
its mysteries spread before the world 
that all may read, but truly grasped 
only by those who have lived the pro- 
fessional life; and these should be 
transmitted to the neophytes with due 
care, with reverence for their inherent 
worth, and in due time. Ritual and 
symbolism, secrecy and circumspection, 


were the ancient paraphernalia which 


insured a proper seriousness in youth 
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in order that the importation might be 
impressive. These have not wholly 
disappeared from modern professions. 
Admission to the bar, the use of the 
title of doctor, and similar customs and 
usages have profound effect in produc- 
ing a professional consciousness. The 
engineering profession is wholly with- 
out these aids, and its task of induct- 
ing its neophytes into the true profes- 
sional atmosphere is thus rendered 
doubly difficult. 

But does it matter at all? Are the 
things that engineers do so vital that 
they must needs be approached in the 
professional spirit? Most certainly it 
matters. And most certainly the task 
is a professional one. The impact of 
science is making a new world, and the 
engineer is in the forefront of the re- 
making. He lights the way in a very 
literal sense. He brings peoples close 
together for better or worse, by facile 
communication and rapid transporta- 
tion. He guards the food supply, and 
replaces the hopelessness of Malthus 
with an embarrassing plenty. He 
shortens the hours of labor, and fills 
the consequent leisure with distractions. 
He temporarily disrupts the techniques 
of whole industries, and thus alters the 
life habits of many people, in maintain- 
ing a continually rising standard of 
living. He bores through the earth 
and under the sea, and flies above the 
clouds.. He builds great cities, and 
builds also the means whereby they 
may be destroyed. Certainly there was 
never a profession that more truly 
needed the professional spirit, if the 
welfare of man is to be preserved. 


Expression of Professional Spirit 


There is no lack of signs of a rising 
consciousness in this regard. The pro- 
fession is most positively vocal. There 
is a vigorous new organization, link- 








466 


ing several large groups, devoting it- 
self to the improvement of the educa- 
tion of the young engineer, and the in- 
stillation of high principles during his 
early career. Engineering literature is 
full of discussions of the duties and 
responsibilities of the profession, and 
out of this may crystallize some day a 
code, a set of principles of conduct, a 
guide drawn solely with the object of 
advancing the public weal, which will 
become accepted by engineers every- 
where, whether in government employ, 
private practice, or industrial organiza- 
tion. Having to some extent, at least, 
consolidated their techniques, engi- 
neers are certainly giving thought and 
voice to their position in society, and 
to their responsibility for the use of 
the great works which they create. 
The focus of this whole affair is the 
American Engineering Council. More 
than any other group it represents the 
engineering profession as a whole, in 
its relationships with government, 
other professions, and the public. 
Here, more than in any other organiza- 
tion, reside the external as contrasted 
with the internal relationships of the 
profession. It was founded by men 
who considered its functions in terms 
of a high idealism. It is now going 
through a strenuous period of self-ex- 
amination. To this every individual 


can contribute only one set of thoughts 


to be merged with all of those which 
seethe, and interact, out of which will 
come in due time that concensus which 
will form the opinions, traditions, 
codes, and consciousness which will 
mold the engineering profession. It 
will come unless the Council fails; for 
if it fails, and if its place is not taken 
by a more rugged successor, there will 
be no unitary engineering profession at 
all. In the spirit of adding my few 
thoughts to those of the eminent men 
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who are directing the Council I have 
previously offered comments, and | 
now comment again with the expecta- 
tion that I will be disagreed with and 
answered, with the wish to add my 
mite to the consummation. 

I find it a vigorous and rapidly evoly- 
ing body. I consider it to be utterly 
inadequately supported by the profes- 
sion as a whole, in comparison with the 
central bodies of sister professions, and 
with a serious problem as to how ade- 
quate support can be drawn for the 
great task that lies ahead of it. I find 
it partaking of the great American 
tendency toward overcomplication, and 
inclined to attempt things which seem 
to me personally to be off the main 
beat. I find to my great joy that it is 
gradually becoming known and recog- 
nized; and I trust this is just a be- 
ginning. I find it guided by some of 
the best minds in the profession as its 
officers, who are giving valuable time 
to its cause; and I hence cannot fail 
to be optimistic as to its future. 

To me, however, there is just one 
point on which I wish to focus atten- 
tion. I find it struggling with its own 
philosophy. I find, in fact, that it 
hesitates as it formulates its idealism; 
that it has not yet placed its foot un- 
equivocally and irrevocably upon the 
path that leads to complete devotion to 
the public welfare. I find that it has 
not yet enunciated its belief that the 
great mission of the engineer lies in 
intelligent, aggressive, devoted minis- 
tration to the people. This I urge with 
all the emphasis I can command. 


Necessity for a Central Organization 


I do not seek to conjure away prac- 
tical difficulties by ignoring them. I 
know full well what restricted budgets 
The argument that the support 


mean. 
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of the membership can be obtained only 
if they can see a direct and personal 
benefit from their contributions has a 
familiar ring. I recognize that it is 
entirely proper for professional men to 
join in an insistence upon a reasonable 
and proper recognition of their serv- 
ices to society. Yet if there is no cen- 
tral organization which has as its creed 
the best service of the profession to the 
society of which it forms a part, then 
there will be in the end no engineering 
profession. Professional status rests 
in perpetuity, not on transient law, not 
on the cruder machinations of the 
ancient guilds, not on exclusive control 
of those having a specialized and neces- 
sary knowledge; but upon the respect 
and fundamental support of the people 
who are served, who only in the long 
run can insist upon the maintenance of 
prerogatives, and confer honor, recog- 
nition, and special privileges in society 
upon the members of a profession. 
Will engineers support such a pro- 
gram? Will they contribute directly or 
through their specialized societies to 
the development of this ideal, and its 
exemplification in Council projects 
aimed at rendering real some aspect of 
the profession’s contribution to public 
welfare? Will they make possible 
great forums for the crystallization of 
engineering opinion on public ques- 
tions involving engineering, not to at- 
tain an impossible unanimity or pro- 
duce high-sounding resolutions, but so 
that all aspects of controversial matters 
may be aired in order that people may 
know what engineers think? Will en- 
gineers go along heartily in developing 
a professional consciousness, a code of 
action, a philosophy which implements 
a desire to be a truly professional 
group, oriented primarily toward the 
advancement of the public health, 
safety, comfort, and progress? Will 
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they accept as the central theme the en- 
gineers’ ministration to society, with- 
out fear of any class, and without 
prejudice toward or away from any 
special social interests or causes? 

If they will not, then there is no 
truly professional spirit to build upon. 
We may as well resign ourselves to a 
gradual absorption as controlled em- 
ployees, and to the disappearance of 
our independence. We may as well 
conclude that we are merely one more 
group of the population, trained with a 
special skill, maintaining our economic 
status by a continuing struggle against 
the interests of other groups, forced in 
this direction and that by the conflict 
between the great forces of a civilized 
community, with no higher ideals than 
to serve as directed, and with no 
greater satisfaction than the securing 
of an adequate income as one member 
in the struggle for the profits of an 
industrial age. 

But I know the minds of too many 
engineers to be thus pessimistic. I 
recognize the distinguished careers of 
a generation of men who have prac- 
ticed in the profession to its credit and 
honor. Though the task be difficult, 
on account of the nature of many of 
our relationships to society, neverthe- 
less traditions are being formed, the 
consciousness of the membership is be- 
coming aroused, and I confidently ex- 
pect the profession of engineering’ to 
develop in a manner of which we can 
be justifiably proud. 

And to those in the ranks who may 
not have yet seen the light, I would 
preach the doctrine, without pulling 
any punches, without mincing any 
words, that the path of professional at- 
tainment lies open before them, that 
it is a thorny path that is easily lost 
sight of among the rocks and rubbish, 
that it can be adhered to only by sacri- 
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fice and by support of those who lead 
the way, that it is a long path which 
leads down into the valley into which 
the sun does not shine, but that it leads 
at last to the heights—to the heights of 
true professional attainment, where 


honor and individual recognition | 
fellows is the real reward, and the 
the watchword is that old, old them 
which has never lost its power, 4 
which may yet save a sorry wof 
simple ministration to the people. 
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